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(57) Abstract: Programmable, fluid pressure 
actuated blood processing systems (10) 
and methods are used in association with a 
blood separation device (18). The systems 
and methods emplby a cassette (28), which 
contains several preformed, pneumatically 
actuated pump stations (PP1-PP4), several 
fM-eformed fluid flow paths (F1-F38), and 
several preformed, pneumatically actuated 
(VA1-VA23) valves (1-23) in the fluid 
flow paths. The systems and methods also 
employ! pcogr ammable pneumatic actuators 
(PA1-PA4) to hold the cassette and selectively 
apply pneumatic force to the valves aiid the 
pump stations. 
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PROGRAMMABLE, FLUID PRESSURE ACTUATED 
BLOOD PROCESSING SYSTEMS AMD METHODS 
Field of the Invention 

This invention relates to systems and methods for 
5 processing and collecting blood, blood constituents, or 

other suspensions of cellular material. 
Background of the Invention 

Today people routinely separate whole blood, 
usually by centrif ugation, into its various therapeutic 
10 components, such as red blood cells, platelets, and plasma. 

Conventional blood processing methods use durable 
centrifuge equipment in association with single use, sterile 
processing systems , typically made of plastic . The operator 
loads the disposable systems upon the centrifuge before 
15 processing and removes them afterwards. 

Conventional blood centrifuges are of a size that 
does not permit easy transport between collection sites. 
Furthermore, loading and unloading operatioiis can sotnetimes 
be time consuming and tedious . 
20 In addition, a need exists for further improved 

systems and methods for collecting blood con^oneExi^s in a way 
that lends itself to use in high volume, on line blood 
collection environments, where higher yields of critically 
needed cellular blood components, lik^ plasina, red blood 
25 cells, and platelets, Ccui be realiiged in reasonable short 

processing times. *; : 

The operational and performance defnands lipbix such 
fluid processing systems become more complex and 
sophisticated, even as the demand for jBthaller and more 
30 portable systems intensifies. The need therefore exists for 
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automated blood processing controllers that can gather and 
generate more detailed information and control signals to 
aid the operator in maximizing processing and separation 
efficiencies. 
5 Summary of the Invention 

The invention provides systems and methods for 
processing blood and blood constituents that lend themselves 
to portable, flexible processing platforms equipped with 
straightforward and accurate control functions. 

10 More particularly, the invention provides various 

programmable, fluid pressure actuated blood processing 
systems and related blood processing methods, which, in use, 
can be used in association a blood separation device. In 
one embodiment, the systems and methods employ a cassette 

15 containing several preformed, pneumatically actuated pump 

stations, several preformed fluid flow paths, and several 
preformed, pneumatically actuated valves in the fluid flow 
paths. The systems and methods also employ a programmable 
pneumatic actuator to hold the cassette and selectively 

20 apply pnisumatic force to the valves and pump stations. 

According to one aspect of the invention, the 
programmable pneumatic actuator applies pneumatic force to 
the valves and pump stations - in response to a control 
program to place any selected fluid flow path iri flow 

25 communication with any selected pump station. 

AcGolrding to another aspect of the indention, the 
programmable pneumatic actuator can direct fluid flow 
through any selected pump station in either a forward 
direction between two valves^ or a reverse direction between 

30 two valves, or an in-out direction through a single valye. 

According to another aspect of the invent ion./ the 
prograimmable pneumatic, actuator selectively applies 
pneumatic force to the valves and pump, stations in response 
to a control program to simultaneously place two of the pump 

35 stations in flow communication with a blood separation 
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device while simultaneously placing a third pump station in 
flow communication with a venipuncture. In an embodiment of 
this aspect of the invention, a first pump station is 
placed in communication with an inlet of the blood 
5 separation device, while a second pump station is placed in 

simultaneous communication with an " outlet of the blood 
separation device. Also in an embodiment of this aspect of 
the invention, the programmable pneumatic actuator 
selectively applies pneumatic force to the valves and a 
10 third pump station to direct fluid flow through the third 

pump station in either a direction away from the 
venipuncture (to. draw blood from the donor) or a direction 
toward the venipuncture (to return blood and fluid to the 
donor) . 

15 In an embodiment incorporating one or more aspects 

of the invention, the programmable pneumatic actuator can 
selectively apply both positive pressure and negative 
pressure to the valves and pump stations. For example, the 
pneumatic actuator can. selectively apply positive pressure 

20 to close the valves and negative pressure to the open the 

valves. Likewise, the pneumatic actuator can selectively 
apply positive pressure to expel fluid from the pump 
stations and negative pressure to draw fluid into the pump 
stations , 

25 In an embodiment incorporating one or more aspects 

of the invention, the systems and methods „c^ri include a 
controller having selectable first and secoiid control 
program. The first selectable control program directs the 
pneumatic actuator, to apply pneumatic force to the valves 

3.0 and. pump stations to perform a first bloodl separation 

procedure; . The. second selectable control program directs 
the pneumatic actuator to apply pneumatic force to the 
valves and pump stations to perform a secoiid blood, 
separation procedure different than the first blood 

35 separation procedure. In this way, the preformed .pump 
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stations, preformed fluid flow paths, and preformed valves 
in the cassette can accommodate different blood processing 
procedures . 

In an embodiment incorporating one or more aspects 
5 of the invention, at least one of the pump stations can 

include more than a single chamber operating in tandem in 
response to the application of pneumatic force. 

In cui embodiment incorporating one or more aspect is 
of the invention, the programmable pneumatic actuator can 

10 selectively apply pneumatic force to the valves and pump 

stations to place a pump station in communication with a 
source of anticoagulant for mixing with blood, or to place 
a pump station in communication with a source of fluid for 
mixing with blood. 

15 According to another aspect of the invention, 

which can also be incorporated into one or more aspects of 
the invention previously discussed, the cassette comprises 
a body and at least one the valves includes a valve chamber 
formed in the body. The valve chamber comprises a recessed 

20 wall forming a well and a valve port in the well. Th6 

cassette includes a valve seat, which extends below the 
recessed wall about the valve port . A flexible diaphragm on 
the valve chamber is responsive to an applied negative 
pressure for flexure out of the valve seat to open the valve 

25 port and responsive to an applied positive pressure for 

flexure into the valve seat to close the valve por:t . Sealing 
is accomplished by forcing the f liexible diaphragm to flex 
into the recessed valve seat > to seal about the port- In one 
arrangement, the valve port itself lays flush with the 

3d recessed wall* 

According to another aspect of the:, invention^ 
which can also be incorporated into one or more aspects of 
the invention previously discussed, at least one of the pump 
stations includes a pump chamber formed in the body of the 

35 cassette. . The pump chamber comprises a recessed wall 
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forming a well and a pump port in the well. A flexible 
diaphragm on the pump chamber is responsive to an applied 
negative pressure for outward flexure to draw fluid into the 
well through the pump port, the flexible diaphragm also 
5 responsive to an applied positive pressure for inward 

flexure to expel fluid from the well through the pump port. 

According to another aspect of the invention ^ 
which can also be incorporated into one or more aspects of 
the invention previously discussed, the several fluid flow 

10 paths includes a flow channel formed in the body of the 

cassette, and at least one of the pump stations includes a 
pump chamber formed in the body and communicating with the 
flow channel , The pump chamber comprises a wall forming a 
well and a pump port in the well. A flexible diaphragm on 

15 the pump chamber is responsive to an applied negative 

pressure for outward flexure to draw fluid into the well 
through the pump port. The flexible diaphragm is also 
responsive to an applied positive pressure for inward 
flexure to expel fluid from the well through the pump port. 

20 The cassette also includes an interior cavity in the body 

communicating with the flow channel to trap air. A flexible 
diaphragm on the interior cavity is responsive to an applied 
positive pressure for inward flexure to expel fluid from the 
interior cavity. 

25 According to another aspect of the invention, 

which can also be incorporated into one or more>yaspects of 
the invention previously discussed, at least one of the pump 
stations includes a pump chamber formed in the body of th^ 
cassette comprising a recessed wall forming a well. A first 

30 ptimp port is located in the well, as is a second pump port, 

which is spaced from the first -port. A flexil^li^ diaphragm 
on the pump chamber is responsive to ah ap£>lied negative 
£)ressure for outward flexure to draw fluid into the well 
through one of the ports. The flexible diaphragm is also 

35 responsive. ..to an applied positive pressure . for inward 
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flexure to expel fluid from the well through one of the 
ports. The cassette includes a race^ which extends below 
the recessed wall between the first and second ports. The 
race establishes liquid flow continuity between the first 
5 and second ports, despite contact between the flexible 

diaphragm and recessed wall during inward flexure. 

Other features and advantages of the inventions 
are set forth in the following specification and attached 
drawings . 

10 Brief Description of the Drawings 

Fig. 1 is a perspective view of a system that 
embodies features of the invention, with the disposable 
processing set shown out of association with the processing 
device prior to use; 
15 Fig. 2 is a perspective view of the system shown 

in Fig. 1, with the doors to the centrifuge station and pump 
and valve station being shown open to accommodate mounting 
of the processing set; 

Fig. 3 is a perspective view of the system shown 
2 0 in Fig. 1 with the processing set fully mounted on the 

processing device and ready for use; 

Fig. 4 is a right perspective front view of the 
case that houses the processing device shown in Fig. 1, with 
the lid closed for transporting the device; 
2 5 Fig. 5 is a schematic view of a blood processing 

circuit, which can be programmed to perf orm a^^ v^ of 
different blood processing procedures in association with 
the device shown in Fig. 1; 

Fig. 6 is an exploded perspective view of a 
30 cassette, which contains the pt-ogrammable blood processing 

circuit shoivii in Pig. 5, and the pump and valife. station on 
< the processing device shown in Pig. 1, which receives the 
caissette for use; 

Pig. 7 is a plane view of the front side of the 
35 cassette shown in Fig, 6; . . 
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Fig. 8 is an enlarged perspective view of a valve 
station on the cassette shown in Fig. 6; 

Fig. 9 is a plane view of the back side of the 
cassette shown in Fig. 6; 
5 Fig. 10 is a plane view of a universal processing 

set, which incorporates the cassette shown in Fig. 6, and 
which can be mounted on the device shown in Fig. 1, as shown 
in Figs . 2 and 3 ; 

Fig. 11 is a top section view of the pun^ and 
10 valve station in which the cassette as shown in Fig. 6 is 

carried for use; 

Fig. 12 is a schematic view of a pneumatic 
manifold assembly, which is part of the pump and valve 
station shown in Fig. 6, and which supplies positive and 
15 negative pneumatic pressures to convey fluid through the 

cassette shown in Figs. 7 and 9; 

Fig. 13 is a perspective front view of the case 
that houses the processing device, with the lid open for use 
of the device, and showing the location of various 
20 processing elements housed within the ca:se; 

Fig. 14 is a schematic view of the controller that 
carries out the process control and monitoring functions of 
the device shown in Fig, 1; 

Fig . ISA, 15B, and 15C are schematic side view of 
25 the blood separation chamber that the device shown in Fig. 

i ; incorporates > showing the plasma and red .3^ cell 
collection tiubes and the associated two in-line sensors, 
which detect a normal operating condition (Fig. 15A) , an 
over spill condition (Fig. 15B) , and an under spill 
30 condition (Pig. 15C) ; 

Pig. 16 is a perspective view of a fixture that, 
when coupled to thie plasma and red blood cfell Collection 
tubes hold the tubes in a desired viewing alignment with the 
in-line sensors> as shown in Pigs. ISA, 15B, and 15C; 
^5 Fig. 17 is a perspective view of the fixture shown 



in Fig. 16, with a plasma cell collection tube, a red blood 
cell collection tube, and a whole blood inlet tube attached, 
gathering the tubes in an organized, side-by-side array; 

Pig. 18 is a perspective view of the fixture and 
tubes shown in Pig. 17, as being placed into viewing 
alignment with the two sensors shown in Figs. 15A, 15B, and 
15C; 

Pig. 19 is a schematic view of the sensing 
station, of which the first and second sensors shown in 
Figs. 15A,15B, and 15C form a part; 

Fig. 20 is a graph of optical densities as sensed 
by the first and second sensors plotted over time, showing 
an under spill condition; 

Fig. 21 is an exploded top perspective view of the 
of a molded centrifugal blood processing container, which 
can be used in association with the device shown in Fig. 1; 

Fig. 22 is a bottom perspective view of the molded 
processing container shown in Fig. 21; 

Pig. 23 is a top view of the molded processing 
container shown in Fig . 21 ; 

Fig. 24 is a side section view of the molded 
processing container shown in Fig. 21, showing an umbilicus 
to be connected the container^; 

Fig. 24A is a top view of the connector that 
connects the umbilicus to the molded processing container in 
the manner shown in Fig. 24, taken generally al<png line 24A- 
24A in Fig. 24; 

Fig.. 25 is a. side section view of the molded 
processing container shown in Fig. 24, after connection of 
the umbilicus to container; : 

Fig. 26 is an exploded, perspective :view of the 
centrifuge station of the processing device shown in Fig. 1, 
with the processing container, mounted for use; 

Fig. 27 is a further e^loded; perspective view of 
the centrifuge station, and processing container shown in 
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Fig. 26; 

Fig. 28 is a. side section view of the centrifuge 
station of the processing device shovm in Fig, 26, with the 
processing container mounted for use- 
Fig. 29 is a top view of a molded centrifugal 
blood processing container as shown in Figs, 21 to 23, 
showing a flow path arrangement for separating whole blood 
into plasma and red blood cells; 

Figs. 31 to 33 are top views of molded centrifugal 
blood processing containers as shown in Figs. 21 to 23, 
showing other flow path arrangements for separating whole 
blood into plasma and red blood cells; 

Fig. 34 is a schematic view of another blood 
processing circuit, which can be programmed to perform a 
variety of different blood processing procedures in 
association with the device shown in Fig. 1; 

Fig. 35 is plane view of the front side of a 
cassette, which contains the programmable blood processing 
circuit shown in Fig. 34; 

Fig. 36 is a plane view of the back side of the 
cassette shown in Fig. 35; 

Figs. 37A to 37E are schematic views of the blood 
processing circuit shown in Fig. 34, showing the programming 
of- the cassette to carry out different fluid flow tasks in 
connection with processing whole blood into plasma and red 
blood cells;: 

Figs. 38A and 38B are schematic views of the blood 
processing circuit shown in: Fig . 34, showing the programming 
of the cassette to carry out fluid flow tasks in connection 
with on-line transfer of an additive solution into red blood 
cells separated from whole blood; v. 

Figs . 39A and 39B are schematic vieWs of the blood 
processing circuit shoOTi in Fig, 34^ showing the progrkinming 
of the cassette to carry out fluid flow tasks in connection 
with on-line transfer of red blood cells separated from 
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whole blood through a filter to remove leukocytes; 

Fig. 40 is a representative embodiment of a weigh 
scale suited for use in association with the device shown in 
Fig. 1; 

5 Fig. 41 is a representative embodiment of another 

weigh suited for use in association with the device shown in 
Fig. 1; 

Fig. 42 is a schematic view of flow rate sensing 
and control system for a pneumatic pump chamber employing an 

10 electrode to create an electrical field inside the pump 

chamber; and 

Fig, 43 is a schematic view of a pneumatic 
manifold assembly, which is part of the pump and valve 
station shown in Fig. 6, and which supplies positive and 

15 negative pneumatic pressures to convey fluid through the 

cassette shown in Figs. 35 and 36. 

The invention may be embodied in several forms 
without departing from its spirit or essential 
characteristics. The scope of the invention is defined in 

20 the appended claims, rather than in the specific description 

preceding them. All embodiments that fall within the meaning 
and range of equivalency of the claims are therefore 
intended to be embraced by the claims. 
Description of the Preferred Embodiments 

25. Fig. 1 shows a fluid processing system 10 that 

embodies the features of the invention. The system 10 can 
be used for processing various fluids. The system 10 is 
particularly well suited for processing whole blood and 
other suspensions of biological cellular materials. 

30 Accordingly, the illustrated embodiment shows the system 10 

used for this purpose. 

I. System Overview . 

The system 10 includes three principal components. 
These are (i) a liquid and blood flow set 12; (ii) a blood 
35 processing device 14 that interacts with the flow set 12 to 
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cause separation and collection of one or more blood 
components; and (iii) a controller 16 that governs the 
interaction to perform a blood processing and collection 
procedure selected by the operator. 
5 The blood processing device 14 and controller 16 are 

intended to be durable items capable of long term use. In 
the illustrated and preferred embodiment, the blood 
processing device 14 and controller 16 are mounted inside a 
portable housing or case 36. The case 36 presents a compact 

10 footprint, suited for set up and operation upon a table top 

or other relatively small surface. The case 36 is also 
intended to be transported easily to a collection site. 

The case 36 includes a base 38 and a hinged lid 40, 
which opens (as Fig. 1 shows) and closes (as Fig, 4 shows) . 

15 The lid 40 includes a latch 42, for releasably locking the 

lid 40 closed. The lid 40 also includes a handle 44, which 
the operator can grasp for transporting the case 36 when the 
lid 40 is closed. In use, the base 38 is intended to rest in 
a generally horizontal support surface. 

20 The case 36 can be formed into a desired configuration, 

e.g., by molding. The case 36 is preferably made from a 
lightweight, yet durable, plastic material . 

The flow set 12 is intended to be a sterile, single 
use, disposable item. As Fig. 2 shows> before beginning a 

25 given blood processing and collection procedure, the 

opisrator loads various components of the flow. set 12 in the 
case 36 in association with the device 14. The controller 16 
implements the procedure based upon preset protocols, taking 
into account other input from the operator. Upon; completing 

30 the procedure, the operator removes the flow set 12 from 

association with the device 14 . The portion pf the set 12 
holding the collected blood component or:: ^components are 
removed from the . case 36 and retained for storage, 
transfusion, or further process ing. The remainder of the 

35 set 12 is removed from the case 36 and' discarded. . 



wo 01/18396 



PCT/USOO/24767 



- 12 - 



The flow set 12 shown in Fig. 1 includes a blood 
processing chamber 18 designed for use in association with 
a centrifuge. Accordingly, as Fig. 2 shows, the processing 
device 14 includes a centrifuge station 20, which receives 
5 the processing chamber 18 for use. As Figs, 2 and 3 show, 

the centrifuge station 20 comprises a compartment formed in 
the base 38. The centrifuge station 20 includes a door 22, 
which opens and closes the compartment . The door 22 opens to 
allow loading of the processing chamber 18. The door 22 
10 closes to enclose the processing chamber 18 during 

operation. 

The centrifuge station 20 rotates the processing 
chamber 18. When rotated, the processing chamber 18 
centrifugal ly separates whole blood received from a donor 
15 into component parts, e.g., red blood cells, plasma, and 

buffy coat comprising platelets and leukocytes. 

It should also be appreciated that the system 10 need 
not separate blood centrif ugally . The system 10 can 
accommodate other types of blood separation devices, e.g., 
20 a membrane blood separation device. 

XI. The ProgrammcQjle Blood Processing Circuit 

The set 12 defines a programmable blood processing 
circuit 46. Various configurations are possible. Fig. 5 
schematically shows one representative configuration. Fig. 
25 34 schematically shows another representative configuration, 

which will be described later. 

Referring to Fig. 5, the circuit 46 can be programmed 
to perform a variety of different blood processing 
procedures in which, e.g., red blood cells are collected, or 
30 plasma is collected, or both plasma and red blood cells are 

collected, oy the buffy coat is collected. - - 

The circuit 46 includes several pump stations PP(N) , 
which are interconnected by a pattern of fluid flow paths 
F(N) through an array of in line valves V(N) , The circuit is 
35 coupled to the remainder of the blood processing set by 
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ports P(N) . 

The circuit 46 includes a programmable network of flow 
paths, comprising eleven universal ports PI to P8 and Pll to 
P13 and three universal pump stations PPl, PP2, and PP3 . By 
5 selective operation of the in line valves VI to V14, V16 to 

V18, and V21 to 23, any universal port PI to P8 and Pll to 
P13 can be placed in flow communication with any universal 
pump station PPl, PP2, and PP3 . By seleotive operation of 
the universal valves/ fluid flow can be directed through any 

10 universal pump station in a forward direction or reverse 

direction between two valves, or an in-out direction through 
a single valve . 

In the illustrated embodiment, the circuit also 
includes an isolated flow path comprising two ports P9 and 

15 PIO and one pump station PP4 . The flow path is termed 

'^isolated, *' because it cannot be placed into direct flow 
communication with any other flow path in the circuit 46 
without exterior tubing. By selective operation of the in 
line valves Y15, V19, and V20, fluid flow can be directed 

20 through the pump station in a forward direction or reverse 

direction between two valves, or an in-out direction through 
a single valve . 

The circuit 4 6 can be programmed to assigned dedicated 
pumping. functions to the various putnp stations . For example, 

25 in a preferrr^d^^ embodiment; the universal pump station PP3 

can serve as a general purpose, donor inte;rf:?ice punqpv 
regardless of the particular blood procedure peirformed, to 
either draw blood from the donor or return blood to the 
donor through the port PS • In this arrangement , the pump 

30 station ;PP4 can seirv.e as a dedicated anticoagulant puttip:, to 

draw anticoagulant from a source through the port PIO and to 
meter anticoagulant into the blood through jport P9 . 

In this arranigement, the universal pump station PPl c^n 
serve, regardless of the particular blood processing 

35 procedure performed, as a dedicated in-process whole blbod 
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pump, to convey whole blood into the blood separator. This 
dedicated function frees the donor interface pump PP3 from 
the added function of supplying whole blood to the blood 
separator. Thus, the in-process whole blood pump PPl can 
5 maintain a continuous supply of blood to the blood 

separator;, while the donor interface pump PP3 is 
simultaneously used to draw and return blood to the donor 
through the single phlebotomy needle. Processing time is 
thereby minimized. 

10 In this arrangement , the universal pump station PP2 can 

serve, regardless of the particular blood processing 
procedure performed, as a plasma pump, to convey plasma from 
the blood separator. The ability to dedicate separate 
pumping functions provides a continuous flow of blood into 

15 and out of the separator, as well as to and from the donor . 

The circuit 46 can be programmed, depending upon the 
objectives, of the particular blood processing procedure, to 
retain all or some of the plasma for storage or 
fractionation purposes, or to return all or some of the 

20 plasma to the donor. The. circuit 46 . can be further 

programmed, depending upon the objectives of the particular 
blood processing procedure, to retain all or some of the red 
blood cells for storage, or to return all or some of the red 
blood cells to the donor. The circuit 46 can also be 

25 programmed, depending upon the objectives of the particular 

blood processing procedure, to retain all or,; some of the 
buffy coat _ for storage, or to return all or s<>me of the 
buffy coat to the donor. 

In a preferred embodiment, the programmable fluid 

30 circuit 46?. is inqplemented ; by use of . a fluid pressure 

actuated cassette 28 (see Fig. 6) . The cassette 23 plrovides 
a centralized, progratninqible, integrated platfbrtiv for all the 
punping arid valvingi functions required . for a given blood 
processing procedure. In the illustrated embodiment, the 

35 fluid pressure comprising positive and negative pneumatic 
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pressure. Other types of fluid pressure can be used. 

As Fig. 6 shows, the cassette 28 interacts with a 
pneumatic actuated pump and valve station 30, which is 
mounted in the lid of the 4 0 of the case 36 (see Pig. l) . 
The cassette 28 is, in use, mounted in the pump and valve 
station 30. The pun^ and valve station 30 apply positive and 
negative pneumatic pressure upon the cassette 28 to direct 
liquid flow through the circuit. Further details will be 
provided later. 

The cassette 28 can take various forms. As illustrated 
(see Fig. 6) , the cassette 2 8 comprises an injection molded 
body 188 having a front side 190 and a back side 192. For 
the purposes of description, the front side 190 is the side 
of the cassette 28 that, when the cassette 28 is mounted in 
the pun^ and valve station 30, faces away from the operator. 
Flexible diaphragms 194 and 196 overlay both the front side 
190 and back sides 192 of the cassette 28, respectively. 

The cassette body 188 is preferably made of a rigid 
medical grade plastic material. The diaphragms 194 and 196 
are preferably made of flexible sheets of medical grade 
plastic. The diaphragms 194 and 196 are sealed about their 
peripheries to the peripheral edges of the front arid back 
sides of the cassette body 188. Interior regions of the 
diaphragms . 194 and 196 can also be sealed to interior 
regions of the cassj^tte body 188, 

The. cassette, body 188 has an array of interior cavities 
formed on both the front and back sides 190 arid 192 (see 
Figs. 7 and 9). The interior cavities define the valve 
stations and flow paths shown schematically iii Fig. 5. An 
additional interior cavity is provided in the back side of 
the cassette 28 to form a station that hoJl<ls a filter 
material 200. In the illustrated embodiment > the filter 
material 200 comprises an overmolded medh filter 
construction. The filter material 200 is intended, during 
use, to remove clots and cellular aggregations that can form 
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during blood processing. 

The pump stations PPl to PP4 are formed as wells that 
are open on the front side 190 of the cassette body 188. 
Upstanding edges peripherally surround the open wells of the 
5 pump stations. The pump wells are closed on the back side 

192 of the cassette body 188, except for a spaced pair of 
through holes or ports 202 and 204 for each pump station. 
The ports 202 and 204 extend through to the back side 192 of 
the cassette body 188. As will become apparent, either port 
10 202 or 204 can serve its associated pump station as an inlet 

or an outlet, or both inlet and outlet. 

The in line valves VI to V23 are likewise formed as 
wells that are open on the front side 190 of the cassette. 
Fig. 8 shows a typical valve V{N) . Upstanding edges 
15 peripherally surround the open wells of the valves on the 

front side 190 of the cassette body 188. The valves are 
closed on the back side 192 of the cassette 28, except that 
each valve includes a pair of through holes or ports 206 and 
208. One port 206 communicates with a selected liquid path 
on the back side 192 of the cassette body 188. The other 
port 208 communicates with another selected liquid path on 
the back side 192 of the cassette body 188. 

In each valve, a valve seat 210 extends about one of 
the ports .2.08 . The valve seat 210 is recessed below the 
25 surface of the recessed valve well, such that the port 208 

is essentially flush with the surrounding : surf ace of 
recessed valve well, and the valve seat 210 extends below 
than the. surface of the valve well. . 

The flexible diaphragm 194 overlying the front side 190 
30 of the cassette 28 rests agfainst the upstanding peripheral 

edges : surrounding the pump stations and vali^^es . With the 
application of positive fbrcte tiniforraly against this aide of 
the cassette body 188, the flexible diaphragm 194 6eats 
against the upstanding edges. The positive fbirce forms 
35 peripheral seals about the pump stations and valves. This, 
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in turn, isolates the pumps and valves from each other and 
the rest of the system. The pump and valve station 30 
applies positive force to the front side 190 of the cassette 
body 188 for this purpose. 
5 Further localized application of positive and negative 

fluid pressures upon the regions of the diaphragm 194 
overlying these peripherally sealed areas serve to flex the 
diaphragm regions in these peripherally sealed areas • These 
localized applications of positive and negative fluid 
0 pressures on these diaphragm regions overlying the pump 

stations serve to expel liquid out of the pump stations 
(with application of positive pressure) and draw liquid into 
the pump stations (with application of negative pressure). 
In the illustrated embodiment, the bottom of each pump 
5 station PPl to PP4 includes a recessed race 316 (see Fig. 

7) . The race 316 extends between the ports 202 and 204, and 
also includes a dogleg extending at an angle from the top 
port 202. The race 316 provides better liquid flow 
continuity between the ports 202 and 204, particularly when 
the diaphragm region is forced by positive pressure against 
the bottom of the pump station. The race 316 also prevents 
the diaphragm region from trapping air within the pump 
station. Air within the pump station is forced into the 
race 316, where it can be readily venting through the top 
port 202 out of the pump station, even if the diaphragm 
region is bottoirted :Out in the station. 

Likewiser localized applications of positive and 
negative fluid pries sure on the diaphragm regions overlying 
the valves will serve eo seat (with application of positive 
pressure) and xiHLseat (with application of negative pressure) 
these diaphs^-agiri . regions- against the valve s.^ats, thereby 
(Closing and opening the asisociated valve port; The- flexible 
diaphragm is responsive to an applied negative pressure for 
flexure out of the valve seat 210 to open the respective 
port. The flexible diaphragm is responsive to an applied 
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positive pressure for flexure into the valve seat 210 to 
close the respective port. Sealing is accomplished by- 
forcing the flexible diaphragm to flex into the recessed 
valve seat 210, to seal about the port 208, which is flush 
5 with wall of the valve well. The flexible diaphragm forms 

within the irecessed valve seat 210 a peripheral seal about 
the valve port 208. 

In operation, the pump and valve station 30 applies 
localized positive and negative fluid pressures to these 
10 regions of front diaphragm 104 for opening and closing the 

valve ports.. 

The liquid paths Fl to F38 are formed as elongated 
channels that are open on the back side 192 of the cassette 
body 188, except for the liquid paths F15, F23 , and F24 are 

15 formed as elongated channels that are open on the front side 

190 of the cassette body 188. The liquid paths are shaded in 
Fig. 9 to facilitate their viewing. Upstanding edges 
peripherally surround the open channels on the front and 
back sides 190 and 192 of the cassette body 188. 

20 The liquid paths Fl to F.38 are closed on the front side 

190 of the cassette body 188,. except where the channels 
cross over valve station ports or pump station ports. 
Likewise, the liquid paths F31 to F3 8 are closed on the back 
side 192 of the cassette body 188 , except where the channels 

25 cross over in-line ports communicating with certain channels 

on the back side 192 of the cassette 28. . 

The flexible diaphragms 194 and 196 overlying the front 
and back sides . 190 and 192 of the cassette body 168 rest 
against the upstanding peripheral edges surrounding the 

30 liquid paths Fl to F38. With the application of positive 

force uniformly against the front and back sidQS. 190 and 192 
of the cassette body 18-8, the flexible diaphragms 194 and 
196 seat against the upstanding edges. This forms 
peripheral seals along the liquid paths Fl to F38. In 

35 operation, the pump and valye station- 30 applies positive 
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force to the diaphragms 194 and 196 for this purpose. 

The pre-molded ports PI to P13 extend out along two 
side edges of the cassette body 188 . The cassette 28 is 
vertically mounted for use in the pump and valve station 
5 30 (see Fig. 2). In this orientation, the ports P8 to P13 

face downward, and the ports PI to P7 are vertically stacked 
one above the other and face inward. 

As Fig. 2 shows, the ports P8 to P13, by facing 
downward, are oriented with container support: trays 212 

10 formed in the base 38, as will be described later. The 

ports PI to P7, facing inward, are oriented with the 
centrifuge station 20 and a container weigh station 214, as 
will also be described in greater detail later. The 
orientation of the ports P5 to P7 (which serve the 

15 processing chamber 18) below the ports Pi to P4 keeps air 

from entering the processing chamber 18: 

This ordered orientation of the ports provides a 
centralized, compact unit aligned with the operative regions 
of the case 36 . 

20 B* The Universal Set 

Fig. 10 schematically shows a universal set 264, which, 
by selective programming of the blood processing circuit 46 
implemented by cassette 28, is capable of performing several 
different blood processing procedures. 

25 The universal set 264 includes a donor tube 266, which 

is attached (through y- connectors 272 and 273) ta t^ 300 
having an attached phlebotomy needle 268 . The donor tube 266 
is: coupled to the port P8 of the cassette 28. 

-A container 275 for collecting an in-line sample of 

30 blood driawn through the tube 300 is also attached through 

the y-connector 273 . :: 

An atiticoagulant ttibe 270 is coupled to the phlebotomy 
needle 268: via the y-conriectbr 272.. The antiCoagul2int tube 
270 is coupled feo cassette port P9. A container 276 holding 

35 anticoagulant iff coupled via a tube 274 to the Cassette port 



PIO. The anticoagulant tube 270 carries an external, 
manually operated in line clamp 282 of conventional 
construction . 

A container 280 holding a red blood cell additive 
solution is coupled via a tube 278 to the cassette port P3 . 
The tube 278 also carries an external, manually operated in 
line clamp 282'^. 

A container 288 holding saline is coupled via a tube 
284 to the cassette port P12 . 

Fig. 10 shows the fluid holding containers 276, 280, 
and 288 as being integrally attached during manufacture of 
the set 264. Alternatively, all or some of the containers 
276, 280, and 288 can be supplied separate from the set 264. 
The containers 276, 280, and 288 may be coupled by 
conventional spike connectors, or the set 264 may be 
configured to accommodate the attachment of the separate 
container or containers at the time of use through a 
suitable sterile connection, to thereby maintain a sterile, 
closed blood processing environment . Alternatively, the 
tubes 274, 278, and 284 can carry an . in-line sterilizing 
filter and a conventional spike connector for insertion into 
a container port at time of use, to thereby maintain a 
sterile, closed blood processing environment. 

The set 264 further includes tubes 290, 292, 294, which 
extend to an umbilicus 296, When installed in the processing 
station, the umbilicus 296 links the rotatir^ig ..processing 
chamber 18. with the cassette 28 without need for rotating 
seals i Further details of this construction will be provided 
"later. 

The tubes 290, 292, and 294 are coupled^ respectively, 
to the cassette ports P5,. P^^* and P7, The tube .290 conveys 
whole blood into the processing chamber 18 , The tube 292 
conveys plasma from the processing chamber 18. Thie.tube 294 
conveys red blood cells from processing chamber 18. 

A plasma collection container 304 is coupled by a tube 



302 to the cassette port P3 . The collection container 304 
is intended, in use, to serve as a reservoir for plasma 
during processing. 

A red blood cell collection container 308 is coupled by 
a tube 306 to the cassette port P2, The collection 
container 308 is intended, in use, to receive a first unit 
of red blood cells for storage. 

A whole blood reservoir 312 is coupled by a tube 310 to 
the cassette port PI. The collection container 312 is 
intended, in use, to serve as a reservoir for whole blood 
during processing. It can also serve to receive a second 
unit of red blood cells for storage. 

As shown in Fig. 10, no tubing is coupled to the 
utility cassette port P13 and buffy port P4 . 

C. The Pump and Valve Station 

The pump and valve station 30 includes a cassette 
holder 216. The door 32 is hinged to move with respect to 
the cassette holder 216 between the opened position, 
exposing the cassette holder 216 (shown in Fig. 6) and the 
closed position, covering the cassette holder 216 (shown in 
Fig.. 3) . The door 32 also includes an over center latch 218 
with a latch handle 220, When the door 32 is closed, the 
latch 218 swings into engagement with the latch pin 222. 

As Fig. 11 shows, the inside face of the door 32 
carries an elastomeric gasket 224 . The gasket 224 contacts 
the back side 192 of the cassette 28 when the -door 32 is 
closed. Ail inflatable bladder 314 underlies the gasket 224. 

With the door 32 opened (see Fig. 2) , the operator can 
place the cassette 28 into the cassette holder 216. Closing 
the door 32 auid securing the latch 218' brings the gasket 224 
into facing contact with the diaLphragm 196 on -the back side 
192 of the cassette 28. Inflating the bladder 314 presses 
the gaisket 224 into intimate, sealing engagement against the 
diaphragm 196. The cassette 28 is thereby secured in a 
tight, sealing fit: within the cassette holder 216. 
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The inflation of the bladder 314 also fully loads the 
over center latch 218 against the latch pin 222 with a force 
that cannot be overcome by normal manual force against the 
latch handle 220. The door 32 is securely locked and cannot 
5 be opened when the bladder 314 is inflated. In this 

construction, there is no need for an auxiliary lock-out 
device or sensor to assure against opening of the door 32 
during blood processing ^ 

The pump and valve station 30 also includes a manifold 

10 assembly 226 located in the cassette holder 216. The 

:. manifold assembly 226 comprises a molded or machined plastic 

or metal body. The front side 194 of the diaphragm is held 
in intimate engagement against the manifold assembly 226 
when the door 32 is closed and bladder 314 inflated. 

15 Thie manifold assembly 226 is coupled to. a pneumatic 

pressure source 234, which supplies positive and negative 
air pressure. The pneumatic. pressure source 234 is carried 
inside the lid 40 behind the manifold assembly 226. 

In the illustrated embodiment, the pressure source 234 

20 comprises two compressors CI and C2 . However, one or 

several dual*head compressors could be used as well , As Fig. 
12 shows, one compressor CI supplies negative pressure 
through the manifold 226 to the cassette 28. The other 
compressor C2 supplies positive pressure through the 

2!5 manifold 226 to the qassette 28. 

As Fig. 12 shows, the manifold 226 coiitai-np. f bur pump 
actuators PAl to PA4 and twenty- three valve actuators VAl to 
VA23. The pump actuators . PAl to PA4 and the valve actuators 
VAl to VA23 are mutually oriented to form a mirror image of 

30 the pxmxp stations PPl to PP4 and valve stations VI to V23 on 

the front side 190 of the cassette 28- . 
; As Fig. 22 also shows, each actuator PAl to PA4 and VAl 
to VA23 includes a port 228. The ports 228 convey positive 
or negative pneumatic pressures from the source in a 

35 seq^ience governed. by the controller 16. These positive and 
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negative pressure pulses flex the front diaphragm 194 to 
operate the pump chambers PPl to PP4 and valve stations VI 
to V23 in the cassette 28. This, in turn, moves blood and 
processing liquid through the cassette 28. 
5 The cassette holder 216 preferably includes an integral 

elastomeric membrane 232 (see Fig. 6) stretched across the 
manifold assembly 226. The membrane 232 serves as the 
interface between the piston element 226 and the diaphragm 
194 of the cassette 28, when fitted into the holder 216. 

10 The membrane 232 may include one or more small through holes 

(not shown) in the regions overlying the pump and valve 
actuators PAl to PA4 and VI to V23 . The holes are sized to 
convey pneumatic fluid pressure from the manifold assembly 
226 to the cassette diaphragm 194. Still, the holes are 

15 small enough to retard the passage of liquid. The membrane 

232 forms a flexible splash guard across the exposed face of 
the manifold assembly 226. 

The splash guard membrane 232 keeps liquid out of the 
pump and .valve actuators PAl to PA4 and VAl to VA23 , should 

20 the cassette diaphragm 194 leak. The splash guard membrane 

232 also serves as a filter to keep particulate matter out 
of the pump and valve actuators of the manifold assembly 
226. The splash guard membrane 232 can be periodically 
wiped clean when cassettes 28 are exchanged. 

25 The manifold assembly 226 includes an array of solenoid 

actuated pneumatic valves, which are coupled .19.^. line with 
the pump and valve actuators PAl to PA4 and VAl to VA23, The 
manifold assembly 226, xmder the control of the controller 
16, selectively distributes the different pressure and 

30 vacuum ' levels to the pump and valve actuators PA (N) and 

yA(N) . These levels of pressure and vacuum are 
systematically applied to the cassette 28, to route blood 
and processing liquids. 

Under the control of a controller 16, the manifold 

35 assembly 226 also distributes pressure levels to the door 
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bladder 314 (already described) , as well as to a donor 
pressure cuff (riot shown) and to a donor line occluder 320, 
As Fig. 1 shows, the donor line occluder 320 is located 
in the case 36, immediately below the pump and valve station 
5 30, in alignment with the ports P8 and P9 of the cassette 

28. The donor line 266, coupled to the port PS, passes 
through the occluder 320. The anticoagulant line 270, 
coupled to the port P9, also passes through the occluder 
320. The occluder 320 is a spring loaded, normally closed 

10 pinch valve, between which the lines 266 and 270 pass. 

Pneumatic pressure from the manifold assembly 234 is 
supplied to a bladder (not shown) through a solenoid valve. 
The bladder, when expanded with pneumatic pressure^ opens 
the pinch valve, to thereby open the lines 266 and 270, In 

15 the absence of pneumatic pressure, the solenoid valve closes 

and the bladder vents to atmosphere. The spring loaded 
pinch valve of the occluder 320 closes, thereby closing the 
lines 266 and 270. 

The manifold assembly 226 maintains several different 

20 pressure and vacuum conditions, under the control of the 

controller 16. In the illustrated embodiment, the following 
multiple pressure and vacuum conditions are maintained: 

(i) Phard, or Hard Pressure, and Pinpr, or In- Process 
Pressure are the highest pressures maintained in the 

25^: manifold assembly 226. Phard is applied for closing cassette 

valves VI to V23. Pinpr is applied to drive t)je ..expres 
of liquid from the in-process pump iPPl and the jplasma pump 
PP2, A typical pressure level for Phard and Pinpr in the 
context of the preferred embodiment is 500 mmHg. 

30 (ii) Pgen, or General Pressure, is applied to. drive 

the e:3q)re88i6n pf liquid from the donor interface pymp PP3 
and the anticoagulant pump PP4 . A typical pressure level for 
Pgen in the context of the preferred embodiment is 150 mmHg. 
(iii) Pcuff , or Cuff Pressure, is supplied to the 

35 donor pressure cuff. A typical, pressure level for Pcuff in 
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the context of the preferred embodiment is 80 mmHg. 

(iv) Vhard, or Hard Vacuum, is the deepest vacuum 
applied in the manifold assembly 226. Vhard is applied to 
open cassette valves VI to V23 . A typical vacuum level for 
5 Vhard in the context of the preferred embodiment is -350 

mmHg. 

(vi) Vgen, or General Vacuum, is applied to drive the 
draw function of each of the four pumps PPl to PP4 . A 
typical pressure level for Vgen in the context of the 

10 preferred embodiment is -300 mmHg.' 

(vii) Pdoor, or Door Pressure, is applied to the 
bladder 314 to seal the cassette 28 into the holder 216. A 
typical pressure level for Pdoor in the context bf the 
preferred embodiment is 700 mmHg. 

For each pressure and vacuum level, a variation of plus 
or minus 2 0 mmHg is tolerated. 

Pinpr is used to operate the in process purnp PPi, to 
pump blood into the processing chamber 18. The magnitude of 
Pinpr must be sufficient to overcome a minimum pressure of 
approximately 3 00 mm Hg, which -is typically present within 
the processing chamber 18. 

Similarly, Pinpr is used for the plasma pump PP2 , since 
it must have similar pressure capabilities in the event that 
plasma needs to be pumped backwards into the processing 
2 5 chamber 18, e.g., during a spill condition, as will be 

described later. 

Pinpr and Phard are operated at the h±irii^|t pressure to 
ensure that upstream and downstream valves used in 
conjunction with pumping are not forced opened by the 
pressures applied to operate the pumps . The cascaded, 
interdorinectable design of the fluid paths Fl to F38 through 
the cassette 28 requires Pinpr- Phard to be the highest 
pressure applied. By the same tofcen; Vg^ is required to be 
less extreme than Vhard, to ensure that pumps ppi to PP4 do 
35 not overwhelm upstream and downstream caissette valves VI to 
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V23, 

Pgen is used to drive the donor interface pump PP3 arid 
can be maintained at a lower pressure, as can the AC pump 
PP4 . 

A main hard pressure line 322 and a main vacuum line 
324 distribute Phard and Vhard in the manifold assembly 324 . 
The pressure and vacuum sources 234 run continuously to 
supply Phard to the hard pressure line 322 and Vhard to the 
hard vacuum line 324. 

A pressure sensor SI monitors Phard in the hard 
pressure line 322. The sensor SI controls a solenoid 38. 
The solenoid 38 is normally closed. The sensor SI opens the 
solenoid 38 to build Phard up to its maximum set value. 
Solenoid 38 is closed as long as Phard is within its 
specified pressure range and is opened when Phard falls 
below its minimum acceptable value. 

Similarly, a pressure sensor S5 in the hard vacuum line 
324 monitors Vhard. The sensor S5 controls a solenoid 39. 
The solenoid 39 is normally closed. The sensor S5 opens the 
solenoid 3 9 to build Vhard up to its maximum value. 
Solenoid 39 is closed, as long as Vhard is within its 
specified pressure range and is opened when Vhard falls 
outside its specified range. 

A general pressure line 326 branches from the hard 
pressure line 322 . A sensor S2 in the general pressure line 
326 monitors Pgen. The sensor 32 controls a , solenoid 30. 
The solenoid 30 is normally closed. The sensor S2 opens the 
solenoid 30 to refresh Pgen from the hard pressure line 322, 
up to the mcocimum value of Pgen. Solenoid 30 is closed als 
long as Pgen is within its specified pressure irange and is 
opened when Pgpn falls outside its specif ied^rang^. 

An in process pressure line 328: also branches from the 
hard pressure line 322. A sensor : S3 in the in process 
pressure line 328 monitors Pinpr. The sensor S3 controls a 
solenoid 36. The solenoid 36 is normally. closed. The sensor 



S3 opens the solenoid 3 6 to refresh Pinpr from the hard 
pressure line 322, up to the maximum value of Pinpr. 
Solenoid 36 is closed as long as Pinpr is within its 
specified pressure range and is opened when Pinpr falls 
outside its specified range. 

A general vacuum line 33 0 branches from the hard vacuum 
line 324. A sensor S6 monitors Vgen in the general vacuum 
line 330. The sensor 36 controls a solenoid 31. The 
solenoid 31 is normally closed. The sensor S6 opens the 
solenoid 31 to refresh Vgen from the hard vacuum line 324, 
up to the maximum value of Vgen. The solenoid 31 is closed 
as long as Vgen is within its specif ied range and is opened 
when Vgen falls outside its specified range. 

In-line reservoirs Rl to R5 are provided in the hard 
pressure line 322, the in process pressure line 328, the 
general pressure line 326^ the hard vacuum line324, and the 
general vacuum line 330 w The researvoirs Rl to R5 assure 
that the constant pressure and vacuum adjustments as above 
described are smooth and predictable. 

The solenoids 33 arid 34 provide a vent for the 
pressures and vacuums, respectively, upon procedure 
completion. Since pumping and valving will continually 
consume pressure and vacuum, the solenoids 33 and 34 are 
normally closed. The solenoids 33 and 34 are opened to vent 
the manifold assembly upon . the completion of a blood 
processing procedure w . - 

The solenoids 28, 29, 35, 37 and 3i g>rovide the 
capability to isolate the reservoirs Ri to R5 from the air 
lines, that supply, vacuum and pressure to the manifold 
assembly 226. This provides for much quicker 

pre s sure/ vaicuum . decay feedback, so . that v testing of 
cassette/manifold assembly seal integrity ciari be 
accomplished; These solenoids 28, 29, 35, 37^ and 32 ar^ 
normally opened, so that pressure cannot be built in the 
assembly 226 without, a command to close the solenoids 28, 
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29, 35, 31, and 32, and, further, so that the system 
pressures and vacuums can vent in an error mode or with loss 
of power. 

The solenoids 1 to 23 provide Phard or Vhard to drive 
the valve actuators VAl to V23 . In the unpowered state , 
these solenoids are normally opened to keep all cassette 
valves VI to V23 closed. 

The solenoids 24 and 25 provide Pinpr and Vgen to drive 
the in-process and plasma pumps PPl and PP2 . In the 
unpowered state, these solenoids are opened to keep both 
pumps PPl 5and PP2 closed. 

The solenoids 26 and 27 provide Pgen and Vgen to drive 
the donor interface and AC pumps PP3 and PP4 . In the 
unpowered state, these solenoids are opened to keep both 
pumps PP3 and PP4 closed. 

The solenoid 43 provides isolation of the door bladder 
314 from the hard pressure line 322 during the procedure. 
The soleinoid 43 is normally opened and is closed when Pdoor 
is reached. A sensor S7 monitors Pdoor and signals when the 
bladder pressure falls below Pdoor. The solenoid 43 is 
opened in the unpowered state to ensure bladder 314 
venting, as the cassette 28 cannot be removed from the 
holder while the door bladder 314 is pressurized. 

The solenoid 42 provides Phard to open the safety 
occluder valve 32 0 . Any error modes that might endanger the 
donor will relax (vent) the solenoid 42 to;, clo^ the 
pccluder 320 and isolate the donor. Similarly, any loss of 
power will relax the solenoid 42 and isolate the donor. 

The sensor S4 monitors Pcuff and cpminunicates With 
solenoids 41 (for increases in piressure) and solenoid 40 
(for venting) to maintain the a<Dnor cuf fv :witl^in its 
specif ied ranges during the procedure^ The solenoid 40 is 
normally open so that the cuff line will vent in the event 
of system error or loss of power. The solenoid 41 is 
normally closed to isolate the donor from any Phard in the 
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event of power loss or system error. 

Fig. 12 shows a sensor SB in the pneumatic line serving 
the donor interface pump actuator PA3 . The sensor S8 is a 
bi-directional mass air flow sensor, which can monitor air 
5 flow to the donor interface pump actuator PAS to detect 

occlusions in the donor line. Alternatively, as will be 
described in greater detail later, electrical field 
variations can be sensed by an electrode carried within the 
donor interface pump chamber PP3, or any or all other pump 
10 chambers PPl , PP2, or PP4, to detect occlusions, as well as 

to permit calculation of flow rates and the detection of 
air . 

Various alternative embodiments are possible- For 
example, the pressure and vacuum available to the four 

15 pumping chambers could be modified to include more or less 

distinct levels or different groupings of "shared" pressure 
and vacuum levels. As another example, Vhard could be 
removed from access to the solenoids 2, 5, 8, 18, 19, 21, 22 
since the restoring springs will return the cassette valves 

20 to a closed position upon removal of a vacuum. Furthermore, 

the vents shown as grouped together could be isolated or 
joined in numerous combinations. 

It should also be appreciated that any of the solenoids 
used in "normally open" mode could be re-routed 

25 pneumatically to be realized as "normally closed". 

Similarly > any of the ''normally closed" sol enpic^s could be 
realized as "normally open". 

As another .example of an alternative embodiment , the 
hard pressure reservoir Rl could be removed if Pdoor arid 

30 Phard were set to identical magnitudes. In this 

arrangement, the door bladder 314 could serv0- as the hatfd 
pressure reservoir^ The pressure- sensor S7 and the solenoid' 
43 would also be removed , in this arrangement . 
IXX* Other Process Control Components of the . System 

35 As Fig. 13 best shows, the case 36 contains other 
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components compactly arranged to aid blood processing. In 
addition to the centrifuge station 20 and pump and valve 
station 30, already described, the case 36 includes a weigh 
station 238, an operator interface station 240, and one or 
5 more trays 212 or hangers 248 for containers. The 

arrangement of these components in the case 36 . can vary. In 
the illustrated embodiment, the weigh station 238,. the 
controller 16, and the user interface station 240, like the 
pump and valve station 30, are located in the lid 4 0 of the 
10 case 36. The holding trays 212 are located in base 38 of the 

case 36, adjacent the centrifuge station 20. 
A. Container Support Components 

The weigh station 238 comprises a series of container 
hangers/weigh sensors 246 arranged along the top of the lid 

15 4 0. In use (see Pig. 2), containers 304, 308, 312 are 

suspended on the hangers/weigh sensors 246. 

The containers receive blood conponents separated 
during processing, as will be described in greater detail 
later. The weigh sensors 246 provide output reflecting 

20 weight changes over time. This output is conveyed to the 

controller 16. The controller 16 processes the incremental 
weight changes to derive fluid processing volumes and flow 
rates . The controller generates signals to control 
processing events based, in part, upon the derived 

25 processing, volumes . Further details of the operation of the 

controller;:, to control processing events will , .be. provided 
later. 

The holding trays 2i2 comprise molded recesses in the 
base 38. The trays 212 accommodate the containers 276 and 

30 280 (see Fig. 2). In the illustrated embodiment, an 

additional swing-out hanger 249 is also prpvided^bn the side 
of the lid 40. The hanger 248 (see Fig. 2 > supports the 
container 288 during processing. In the illustrated 
embodiment , the trays 212 and hainger 248 also include, weigh 

35 sensors 246. 
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The weigh sensors. 246 can be variously constructed. In 
the embodiment shown in Fig. 40, the scale includes a force 
sensor 404 incorporated into a housing 400, to which a 
hanger 402 is attached. The top surface 420 of hanger 402 
5 engages a spring 406 on the sensor 404. Another spring 418 

is compressed as a load, carried by the hanger 4 02, is 
applied. The spring 418 resists load movement of the hanger 
402, xmtil the load exceeds a predetermined weight (e.g., 2 
kg.). At that time, the hanger 402 bottoms out bii 

10 mechanical stops 4 08 in the housing 400, thereby providing 

over load protection. 

In the embodiment shown in Fig. 41, a supported beam 
410 transfers force applied by a hanger 416 to a force 
sensor 412 through a spring 414. This design virtually 

15 eliminates friction from the weight sensing system. The 

magnitude of the load carried by the beam is linear in 
behavior, and the weight sensing system can be readily 
calibrated to ascertain an actual load applied to the hanger 
416. 

20 B. The Controller and Operator Interface Station 

The controller 16 carries out process control and 
monitoring functions for the system 10. As Fig. 14 shows 
schematically, the controller 16 comprises a main process ingf 
unit (MPU) 250, which can comprise, e.g., a Pentium^ type 

25 microprocessor made by Intel Cdrporatibn, although other 

types of conventional inicroprocessors can be used. The MPU 
250 is mounted inside the lid 40 of the case 36 (as Fig. 13 
shows) . . ; 

In the preferred embodiment , th^ MPU 2S0 employs 

30 conventional real, time multi- tasking to allocate MPU cycles 

to processing tasks . A periodic timer interrupt ( f 6r 
example, every 5 milliseconds) pre-empts the executing task 
and .schedules another that' is in a ready st^te for 
execution. If a reschedule is requested, the highest 

35 priority task in the ready state is scheduled. Otherwise> 
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the next task on the list in the ready state is scheduled. 

As Fig, 14 shows, the MPU 250 includes an application 
control manager 252. The application control manager 252 
administers the activation of a library of at least one 
5 control application 254. Each control application 254 

prescribes procedures for carrying out given functional 
tasks using the centrifuge station 20 and the pump and valve 
station 30 in a predetermined way. In the illustrated 
embodiment, the applications 254 reside as process software 

10 in EPROM's in the MPU 250. 

The number of applications 254 can vary. In the 
illustrated embodiment, the applications 254 includes at 
least one clinical procedure application. The procedure 
application contains the steps to carry out one prescribed 

15 clinical processing procedure. For the sake of example in 

the illustrated embodiment, the application 254 includes 
three procedure applications: (1) a double unit red blood 
cell collection procedure; (2) a plasma collection 
procedure; and (3) a plasma / red blood cell collection 

20 procedure. The details of these procedures will be described 

later. Of course, additional procedure applications can be 
included. 

As Fig. 14 shows, several slave processing units 
communicate with the application control manager 252. While 

25 the number of slave processing units can vary, the 

illustrated embodiment shows five units 256(1) : to 256 (5). 
The slave processing units 2S6 (1) to 256 (5) ; in turn, 
communicates with low level peripheral controllers 258 for 
Gontrblling the pneumatic pressures within the manifold 

30 assembly 226, the. weigh sensors 246, the punip and valve 

actuators PAl to PA4 and VAl to VA23 in the pjump and valve 
station 30, the motor for the centrifugie sl^ation 20, the 
inl:erface sensing station 332, and other fimctional hardware 
of the system. 

35 The MPU 250 contains in EPROM' s the commands for the 
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peripheral controllers 258, which are dovmloaded to the 
appropriate slave processing unit 256(1) to 256(5} at start- 
up!. The application control manager 252 also downloads to 
the appropriate slave processing unit 256(1) to 256(5) the 
5 operating parameters prescribed by the activated application 

254. 

With this downloaded information, the slave processing 
units 256(1) to 256(5) proceed to generate device commands 
for the peripheral controllers 258, causing the hardware to 

10 operate in a specified way to carry out the procedure. The 

peripheral controllers 258 return current hardware status 
information to the appropriate slave processing unit 256(1) 
to 256(5), which, in turn, generate the commands necessary 
to maintain the operating parameters ordered by the 

15 application control manager 252: 

In the illustrated embodiment, one slave processing 
unit 256(2) performs the function of an environmental 
manager. The unit 256(2) receives redundant current 
hardware status information and reports to the MPU 250 

20 should a slave unit malfunction and fail to maintain the 

desired operating conditions. 

As Fig. 14 shows, the MPU 250 also includes an 
interactive user interface 260, which allows the operator to 
view and comprehend information regarding the operation of 

25 the system 10. The interface 260 is coupled to the 

interface station 240* The interface 260 allows the 
operator to use the interface station 240 to select 
applications 254 residing in the application control manager 
252, as well as to change certain functions and performance 

30 criteria of the system 10. 

•As Pig. 13 shows, the interface station 240; includes an 
interface screen 262 carried in the lid 40 i The interface 
screen 262 displays infoirmation for viewing by the operator 
in alpha-numeric format and as graphical imajges. In the 

35 illustrated and preferred embodiment, the interface screen 
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262 also serves as an input device. It receives input from 
the operator by conventional touch activation. 

C. On- Line Monitoring of Pump Flows 
1. Gravimetric Monitoring 

Using the weigh scales 246, either upstream or 
downstream of the pumps, the controller 16 can continuously 
determine the actual volume of fluid that is moved per pump 
stroke and correct for any deviations from commanded flow. 
The controller 16 can also diagnose exceptional situations, 
such as leaks and obstructions in the fluid path. This 
measure of monitoring and control is desirable in an 
automated apheresis application, where anticoagulant has to 
be accurately metered with the whole blood as it is drawn 
from the donor, and where product quality (e.g. , hematocrit, 
plasma purity) is influenced by the accuracy of the pump 
flow rates. 

The pumps PPl to PP4 in the cassette 28 each provides 
a relatively-constant nominal stroke volume> or SV. The flow 
rate for a given pump can therefore be expressed as follows: 

where : 

Q is the flow rate of the pump . 

SV is the stroke volume, or volume moved per pump 
cycle. 

Tpump is the time the fluid is moved out.v/Of .the pump 
chamber. 

Tpiii is the time the pump is filled with fluid, and 
Tidie is the time when the pump is idle, that is, when 
no fluid movement occurs. 

The SV can be affected by the interaction of the pump 
with attached downstream and upstream fluid circuits. This 
is analogous, in electrical circuit theory, to the 
interaction of a non- ideal current source with the input 
impedance of the load it sees. Because of this, the actual 
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SV can be different than the nominal SV. 

The actual fluid flow in volume per unit of time QActuai 
can therefore be expressed as follows: 

5 where: 

QActuai is the actual fluid flow in volume per unit of 

time. 

SVideai is the theoretical stroke volume, based upon the 
geometry of the pump chamber! k is a correction factor 
10 that accounts for the interactions between the pump and the 

upstream and downstream pressures. 

The actual flow rate can be ascertained 
gravimetrically, using the upstream or downstream weigh 
scales 246, based upon the following relationship: 

15 n (2) 

where : 

AWt is the change in weight of fluid as detected by the 
upstream or downstream weigh scale 24 6 during the time 
period AT, 

20 P is the density of fluid. 

AT is the time period where the change in weight AWt is 
detected in the weigh scale 246. 

The following expression is derived by combining 
Equations (2) and (3) : ^rC-^i:' 

The GOht roller 16 computes k according to Equation (4) 
and then adjusts Tj^ie so that the desired flow rate ie 
achieved, ais follows: 

^Id/e ~ ^ Qo^) "^Pump" '^Filt 
30 The controller 16 updates the values for k and T^,^ 
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frequently to adjust the flow rates. 

Alternatively, the controller 16 can change Tp„^ and/or 
Tpiu and/or Ti^ie to adjust the flow rates. 

In this arrangement, one or more of the time interval 
5 components Tp^, or Tp^i^, or T^^ie is adjusted to a new 

magnitude to achieve Qoesircd* according to the following 
relationship : 

Adjusted) ~ '^yQocsir^ ^ n{ Not Adjusted) 

where : 

T„|^j„gted) is the magnitude of the time iriterval 
component or components after adjustment to achieve the 
desired flow rate Q^esired- 

Tn(NotAdjusted) ^s the magnitude of the value of the other 
time interval component or components of ^s^Toy^e^ that are not 

15 adjusted. The adjusted stroke interval after adjustment to 

achieve the desired flow rate Qoeaired is the sum of T^^^djusted* 
and T„j„^t^^j^g^g^j , 

The controller 16 also applies the correction factor k 
a:s a diagnostics tool to determine abnormal operating 

20 conditions- For example, if k differs significantly from its 

nominal value, the fluid path may have either a leak or sin 
obstruction. Similarly, if computed value of k is of a 
polarity different from What was expected, then the 
direction of the pump inay be reversed; 

25 With the weigh scales 246, the contrpller 16 can 

. perform on-line diagnostics even if the putiips are not moving 
fluid. For example, if the weigh scales 246 detect changes 
in weight when ho flow is expected, then a leaky valve or a 
leak in the set 264 niay be present . 

30 In computing k and T^^xe and/or Tp^^ and/br Tp^ix # the 

dbntrbller 16 may rely upon multiple measiifemehts of AWt 
ahd/6r AT. A variety of averaging or recursive techniques 
(e.g., recurisive least means squares, Kalman filtering, 
etc.) may be used to decrease the error associated with the 



wo 01/18396 



PCT/USOO/24767 



- 37 - 

estimatiion schemes. 

The above described monitoring technique is applicable 
for use for other constant stroke volume pumps, i.e. 
peristaltic pumps, etc. 
5 2. Electrical Monitoring 

In an alternative arrangement (see Fig. 42), the 
controller 16 includes a metal electrode 422 located in the 
chamber of each pump station PPl to PP4 on the cassette 28. 
The electrodes 422 are coupled to a current source 424. The 
10 passage of current through each electrode 422 creates an. 

electrical field within the respective pump chamber PPl to 
PP4. 

Cyclic deflection of the diaphragm 194 to draw fluid 
into and expel fluid from the pump chamber PPl to PP4 

15 changes the electrical field, resulting in a change in total 

capacitance of the circuit through the electrode 422. 
Capacitance increases as fluid is draw into the pun^ chamber 
PPl to PP4, and capacitance decreases as fluid is expelled 
from pump chamber PPl to PP4. 

20 The controller 16 includes a capacitive sensor 426 

(e.g., a Qprox E2S) coupled to each electrode 422 . The 
capacitive sensor 426. registers changes in capacitance for 
the electrode 422 in each pump chamber PPl to PP4 . The 
capacitance signal for a given electrode 422 has a high 

25 signal magnitude when the pump chamber is filled with liquid 

(diaphragm position 194a) , has a low signal magr^it^ude signal 
when the pump chamber is empty of fluid (diaphragm position 
194b) , and has a range of intermediate signal magnitudes 
when the diaphragm occupies. positions between position 194a 

30 and 194b. 

At the outset of a blbbd processing . psfpcedure, the 
controller 16 calibrates the difference between the high and 
low signal magnitudes for each isensor to the maximum stroke, 
volume SV of the respective pun^: chamber. The controller 16 

35 then relates, the differience between sensed maximiim and 
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minimum signal values during subsequent draw and expel 
cycles to fluid volume drawn and expelled through the pump 
chamber. The controller 16 sums the fluid volumes pumped 
over a sample time period to yield an actual flow rate. 

The controller 16 compares the actual flow rate to a 
desired flow rate. If a deviance exists, the controller 16 
varies pneumatic pressure pulses delivered to the actuator 
PAl to PA4, to adjust Tjdic and/or Tp^^ and/or to minimizie 

the deviance. 

The controller 16 also operates to detect abnormal 
operating conditions based upon the variations in the 
electric field and to generate an alarm output. In the 
illustrated embodiment, the controller 16 monitors for an 
increase in the magnitude of the low signal magnitude over 
time. The increase in magnitude reflects the presence of air- 
inside a pump chamber. 

In the illustrated embodiment, the controller 16 also 
generates a derivative of the signal output of the sensor 
426. Changes in the derivative, or the absence of a 
derivative, reflects a partial or cotiplete occlusion of flow 
through the pump chamber PPl to PP4 . The derivative itself 
also varies in a distinct fashion depending upon whether the 
occlusion occurs at the inlet or outlet of the pump chamber 
PPl to PP4. 

IVi The Blood Processing Procedures 

A« Double RBC Collection Procedure No Plasma 
Collection) 

During this procedure, whole blood from a- donor is 
centrifugally . processed to yield iap to two units 
(approximately 50.0 ml) of red blood cells for collection. 
All plasma constituent is 3s:eturned to the,., donor. Thi9 
procedure will, in. shorthand, be called the dotable red blood 
cell collection procedure. 

Prior to undertaking the double red blood cell 
collection procedure; as well as. any blood collection 
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procedure, the controller 16 operates the manifold assembly 
226 to conduct an appropriate integrity check of the 
cassette 28, to determine whether there are any leaks in the 
cassette 28. Once the cassette integrity check is complete 
5 and no leaks are found, the controller 16 begins the desired 

blood collection procedure. 

The double red blood cell collection procedure includes 
a pre-collection cycle, a collection cycle, a post- 
collection cycle, and a storage preparation cycle- During 

10 the pre-collection cycle, the set 264 is primed to vent air 

prior to venipuncture. During the collection cycle, whole 
blood drawn from the donor is processed to collect two units 
of red blood cells, while returning plasma to the donor. 
During the post -collection cycle, excess plasma is returned 

15 to the donor, and the set is flushed with saline. During 

the storage preparation cycle, a red blood cell storage 
solution is added. 

1. The Pre-Collection Cycle 
a* Anticoagulant: Prime 

20 In a first phase of the pre-collection cycle (AC Prime 

1) , tube 300 leading to the phlebotomy needle 268 is clamped 
closed (see Fig. 10). The blood processing circuit 46 is 
programmed (through the selective application of pressure to 
the valves and pump stations of the cassette) to operate the 

25 donor interface pump PP3 , drawing anticoagulant through the 

anticoagulant tube 270 and up the donor tube 266 Jihirough the 
y-connector 272 (i.e., in through valve V13 and out through 
valve Vll) . The circuit is further programmed to convey air 
residing in the anticoagulant ttibe 270, the donor tube 266, 

30 and the cassette and into the in- process corttainer 312. 

This phase continues until an air detector : 298 along the 
donor, tube 266 detects liquid, confirming the pumping 
function of the dphor interface pump PP3 . 

In a second phase of the pre-collection cycle (AC Prime 

35 2) , the circuit is programmed to operate the anticoaigulant 
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pump PP4 to convey anticoagulant into the in-process 
container 312. Weight changes in the in-process container 
312. AC Prime 2 is terminated when the anticoagulant pump 
PP4 conveys a predetermined volume of anticoagulant (e.g., 
5 10 g) into the in-process container 312, confirming is 

pumping function. 

b« Saline Prime 
In a third phase of the pre-collection cycle (Salirie 
Prime 1) , the processing chamber 46 remains stationary. The 

10 circuit is programmed to operate the in-process pump station 

PPl to draw saline from the saline container 288 through the; 
in-process pump PPl. This creates a reverse flow of saline 
through the stationary processing chamber 46 toward the in- 
process container 312. In this sequence saline is drawn 

15 through the processing chamber 46 from the saline container 

288 into the in -process pump PPl through valve V14 . The 
saline is expelled from the pump station PPl toward the in- 
process container 312 through valve 9. Weight changes in the 
saline container 288 are monitored. This phase is terminated 

20 upon registering a predetermined weight change in the saline 

container 288, which indicates conveyance of a saline volume 
sufficient to initially fill about one half of the 
processing chamber 46 (e.g., about 60 g) . 

With the processing chamber 46 about half full of 

25 priming saline, a fourth phase of the pre-collection cycle 

(Saline Prime 2) . The processing chamber 46 is rotated at 
a low rate (e.g., about 300 RPM) , while the circuit 
continues to operate in the same fashion as in Saline Prime 
3. Additional .saline is drawn into the pump station PPl 

30 through valve V14 and expelled out of the pump station PPl 

through valve V9 and into the in-process cc>nt:ainer 312. 
Weight changes in the in-process conta^iner 312 are 
monitored. This phase is terminated upon registering a 
predetermined weight chattge in the in -process container 312 , 

35 which indicates the conveyance of an additional ^volume df 
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saline sufficient to substantially fill the processing 
chamber 46 (e.g., about 80 g) . 

In a fifth phase of the pre-collection cycle (Saline 
Prime 3) , the circuit is programmed to first operate the in- 
5 process pump station PPl to convey saline from the in- 

process container 312 through all outlet ports of the 
separation device and back into the saline container 288 
through the plasma pump station PP2 . This completes the 
priming of the processing chamber 46 and the in-process pump 

10 station PPl (pumping in through valve V9 and out through 

valve V14) , as well as primes the plasma pump station PP2^ 
with the valves VI , V6, VIO, and VI 2 opened to allow passive 
flow of saline. During this time, the rate at which the 
processing chamber 46 is rotated is successively ramped 

15 between zero and 300 RPM. Weight changes in the in process 

container 312 are monitored. When a predetermined initial 
volume of saline is conveyed in this manner, the circuit is 
programmed to close valve V7, open valves V9 and V14, and to 
commence pumping saline to the saline container 288 through 

20 the plasma pump PP2, . in thxough valve VI 2 and out through 

valve VIO, allowing saline to passively flow through the in- 
process pump PPl . Saline in returned in this manner from the 
in-process container 312 to the saline container 288 until 
weight sensing indicated that a preestablished minimum 

25 volume of saline occupies the in-process container 312. 

In a sixth phase of the pre^collectiorii.; cycle (Vent 
Donor Line) , the circuit is programmed to purge air from the 
venepuncture needle, prior to venipuncture^ by operating the 
donor interface pump PP3 to pun^ anticoagulant through 

.30 anticoagulauit pump PP4 and into the in process container 

312. . \ - - .... .. • 

In a seventh phase of the pre ^collect ion cycle 
(Venipuncture), the circuit is programmed to close all 
valves VI to V23, so that veinipuncture can be accomplished.. 

35 The programming of the Circuit during the phases of the 
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pre- collection cycle is summarized in the following table. 
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Programming of Blood Processing Circuit During Pre- 

Collection Cycle 
(Double Red Blood Cell Collection Procedure) 



10 



15 



Phase 


AC 

Prime i 


AC 

Prime 2 


Saline 
Prime 1 


saline 
Prime 2 


Saline 
Prime 3 


Vent 

Donor 

Line 


Veni- 
puncture 


VI 


o 


o 


o 


o 


o 


o 


o 


V2 


o 


o 


o 


o 


o 


o 


o 


V3 


o 


o 


o 


o 


o 


o 


o 


V4 


o 


o 


o 


o 


o 


o 


o 


V5 


o 


o 


o 


O 


o 


o 


o 


V6 


o 


o 


0 


o 


o 


o 


o 


V7 


o 


o 


o 


o 


o 


o 


o 


V8 


o 


o 


o 


o 


o 


o 


o 


V9 


o 


o 


o/o 

Pump 

Out 


o/o 

Pun^ 

Out 


o/o 

Pump In 

(Stage 

1) 

o 

(Stage 
2) 


o 


o 


VI 0 


o 


o 


o 


o 


o 

(Stage 
1) 

o/o 
Pump 
Out 
(Stage 
2) 


o 


o 


VI 1 


o/o 

Punip 

Out 


o 


o 


o 


o 


o/o 

Pump In 


o 


V12 


o 


o 


o 


o 


o 

(Stage 

1> 

O/o 

PuiDBp In 

(Stage 

2) 


o 


o 


V13 


o/o 

Pump In 


o 


o 


o 


o 


Pump 
but 


o 
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Phase 


AC 

Prime. 1 


AC 

Prime 2 


Saline 
Prime 1 


Saline 
Prime 2 


Saline 
Prime 3 


Vent 

Donor 

Line 


Veni - 
puncture 


VI 4 


o 


o 


o/o 

PuR^ In 


o/o 

Pump In 


o/o 
Pun^ 
Out 
(Stage 
1) 
o 

(Stage 
2) 


o 


o. 


VIS 


o 


o/o 

Pun^ In 
Out 


o 


o 


o 


O 


o 


V16 


o 


o 


o 


o 


o 


o 


o 


V17 


o 


o 


o 


o 


o 


o 


o 


VIB 


o 


o 


o 


o 


o 


o 


o 


VI 9 


o 


O ' 


o 


o 


o 


o 


o 


V20 


o 


o/o 

Out 

Pump In 


o 


o 


o 


o 


o 


V21 


o 


o 


o 


o 


o 


o 


o 


V22 


o 


o 


o 


o 


o 


o 


o 


V23 


o . 


o 


o 


o 


o 


. o. 


o 


PPl 


□ 


a 


□ 


□ 


□ 

(Stage 
1) 


□ 


□ 


PP2 


a 


a 


D 


□ 


□ 

. (Stage 
2) 


□ 


G3 


PP3 


o 


□ 


P 




D 


o 


a 


PP4 




a 


a 


□ 


□ 




□ 



Caption: P denotes an open valve; o denotes a closed valve; 
Q/o denotes a valve opening and closing during a pumping 
sequence; □ denotes an idle pun^ station (not iii use) ; arid 
b denotes a pun^ station in use^ . 
20 c. Tlie CQliection Cycle ^ 

i. Blood Prime 
. - With venipuncture, tu^e 3 Ot) leading to the phlebotomy 
needle 268 is . opened. In a first phase of the collection 
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cycle (Blood Prime 1) , the blood processing circuit 4 6 is 
progranuned (through the selective application of pressure to 
the valves and pump stations of the cassette) to operate the 
donor interface pump PP3(i. e., in through valve V13 and out 
5 through valve Vll) and the anticoagulant pump PP4 (i.e., in 

through valve V20 and out through valve VI 5) to draw 
anticoagulated blood through the donor tube 270 into the in 
process container 312. This phase continues until an 
. incremental volume of anticoagulated whole blood enters the 

10 in process container 312, as monitored by the weigh sensor. 

In a next phase (Blood Prime 2) , the blood processing 
circuit 4 6 is programmed to operate the in-process pump 
station PPl to draw anticoagulated blood from the in-process 
container 312 through the separation device. During this 

15 phase, saline : displaced by the blood is returned to the 

donor. This phase primes the separation device with 
anticoagulated whole blood. This phase continues until an 
incremental volume of anticoagulated whole blood leaves the 
in process container 312, as monitored by the weigh sensor. 

20 B. Blood Separation While Drawing Whole Blood or 

Without Drawing Whole Blood 
In a next phase of the blood collection cycle (Blood 
Separation While Drawing Whole Blood) , the blood processing 
circuit 46 is programmed to operate the donor interface pump 

25 station PP3 (i.e., in through valve V13 and but through 

valve Vll); the antidoagulant pump PP4 {i.ei.r.^in through 
valve V20 and out through valve . V15); the in-prbcess pump 
PPl (i.e;., in through valve V9 and out through valve V14) ; 
and .the plasma pump PP2 .(i»e.^ in through valve VI 2 and out 

30 through valve VIO) - tThiis arrangement dafaws anticoagulated 

blood into the in-process container. 312', while.^qonveyiiig the. 
blood from the inr process container 312 into the processing 
chamber for separation. This. arrangement also removes plasma 
f rom the processing chSimber into the plasma Container 3 04, 

35 while removing red blood cells from the processing chamber 
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into the red blood cell container 308. This phase continues 
until an incremental volume of plasma is collected in the 
plasma collection container 304 (as monitored by the weigh 
sensor) or until a targeted volume of red blood cells is 
5 collected in the red blood cell collection container (as 

monitored by the weigh sensor) . 

If the volume of whole blood in the in-process 
container 312 reaches a predetermined maximum threshold 
before the targeted volume of either plasma or red blood 

10 cells is collected, the circuit is programmed for another 

phase (Blood Separation Without Drawing Whole Blood) , to 
terminate operation of the donor interface pump station PP3 
(while also closing valves V13, Vll, V18, and V13) to 
terminate collection of whole blood in the in-process 

15 container 312, while still continuing blood separation. If 

the volume of whole blood reaches a predetermined minimum 
threshold in the in-proceiss container 312 during blood 
separation, but before the targeted volume of either plasma 
or red blood cells is collected, the circuit is programmed 

2 0 to return to the Blood Separation While Drawing Whole Blood 

Phase, to thereby allow whole blood to enter the in-process 
container 312. The circuit is programmed to toggle between 
the Blood Separation While Drawing Whole Blood Phase and the 
Blood Separation Without Drawing Whole Blood Phase according 

2:5 to the high and low volume thresholds for the in-process 

container 312 , uritil the requisite volume of pla-^.ma has. been 
collected, or. until the target volume of red blood cells has 
been collected, whichever occurs first. 
C. . Return Plasma and Saline . 

3:0 If the targeted volume of red blood ciells has not b^en 

collected^ the next phase of . the blood collection cycle 
(Return Plasma With Separation) programs the blood 
processing, circuit 46 to operate the doiior interfaice pump 
station PP3 (i.e., in through valve Vll and out through 

35 valve V13) ; the in-process pun^ PPl (i.e., in through valve 
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V9 and out through valve V14) ; and the plasma pump PP2 
{i*e., in through valve V12 and out through valve VIO) . 
This arrangement conveys anticoagulated whole blood from the 
in-process container 312 into the processing chamber for 
5 separation, while removing plasma into the plasma container 

304 and red blood cells into the red blood cell container 
308. This arrangement also conveys plasma from the plasma 
container 304 to the donor, while also mixing saline from 
the container 288 in line with the returned plasma. The in 
10 line mixing of saline with plasma raises the saline 

temperature and improves donor comfort . This phase continues 
until the plasma container 304 is empty, as monitored by the 
weigh sensor. 

If the volume of whole blood in the in-process 

15 container 312 reaches a specified low threshold before the 

plasma container 304 empties, the circuit is programmed to 
enter another phase (Return Plasma Without Separation) , to 
terminate operation of the in-process pump station PPl 
(while also closing valves V9, VIO, V12, and V14) to 

20 terminate blood separation. The phase continues until the 

plasma container 304 empties. 

Upon emptying the plasma container 304, the circuit is 
programmed to enter a phase (Fill Donor Line) , to operate 
the donor interface pump station PP3 (i .e. , in through valve 

25 Vll and out through valve V13) to draw whole blood from the 

in prociess container 312 to fill the donor tub^.r2.66, thereby 
purge plasma (mixed with saline) in preparation for another 
draw. whole blood cycle. 

The circuit is then programmed to conduct, another Blood 

30 Separation While Drawing Whole Blood Phase, to refill the in 

process, container 3r2r~^TKe^ circuit is pirogrammed in 
successive Blood Separation and Return Plasma' Phases until 
the weigh sensor indicates : that a desired yolumei of red 
blood ceils have been collected in the red blood cell 

35 collection container 308. When the targeted volume of red 
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blood cells has not been co.llected, the post-collection 
cycle commences. 

The programming of the circuit during the phases of the 
collection cycle is summarized in the following table. 
.5 TABLE 



Programming of Blood Processing Circuit During The 

Collection Cycle 
(DoTible Red Blood Cell Collection Procedure) 



Phase 


Blood Prime 
1 


Blood Prime 
2 


Blood 
Separation 
While 
Drawing 
whole Blood 
(Without 
Drawing 
Whole 
Blood) 


Return 

Plasma/ 

with 

Separation 

(Without 

Separation) 


Pill Donor 
Line 


VI 


o 


o 


o 


o 


o 


V2 


o 


o 


o 


O (O) 


o 


V3 


o 


o 


o 

(o) 


o 


o 


V4 


o 


o 


o 


o 


o 


VS 


o 


o 


o 


o 


o 


V6 


o 


o 


o 


o/o 

Alternates 
with V23 


o 


V7 


o 


o 


o 


o 


o 


va 


o 


o 


o 


o 


o 


V9 


o 


o/o 

Pun^ In 


o/o 

Pump In 


o/o . 
PUR^ In 

(O) 


o 


vio 


o 


o 


o/o 

Pump Out 


o/o 

Punp Out 

(O) 


6 


Vll 


o/o 

Pump Out 


o 


o/o 

Punqp Out 

(O) 


o/o 

Puinp In 


o/o 

Pump In 


Vl2 


6 




b/o 

Pun^ In 


O/o . 
. pump I n 
(o) 


o 


V13 


o/o 

Pump In 


o 


O/O 

. Putnp in ■ 


o/o 

PuRlp Out 


o/o 

Pump Out 
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Phase 


Blood Prime 
1 


Blood Prime 
2 


Blood 
Separation 
While 
Drawing 
Whole Blood 
(Without 
Drawing 
Whole 
Blood) 


Return 

Plasma/ 

with 

Separation 

(Without 

Separation) 


Fill Donor 
Line 


VI 4 


o 


o/o 

Pun^ Out 


o/o 

Pump Out 


o/o 

Pump Out 
(o). 


o 


VIS 


o/o 

Pump Out 


o 


o/o 

Pump Out 
(o) 


o 


o . 


VI 6 


o 


o 


o 


o 


o 


VI 7 


o 


o 


o 


o 


o 


V18 


o 


o 


o 

(O) 


o 


o 


vi9 


o 


o 


o 

(o) 


o 


o 


V20 


o/o 

Pump Out 


o 


o/o 

Pump In 
(o) 


o 


o 


V21 


o 


o 


o 


o 


o 


V22 


o 


o 


o 


o 


o 


V23 


o 


o 


o 


o/o 

Alternates 
with V6 


o 


PPl 


□ 


a 


a 


O , 
iU) 


□ 


PP2 


□ 


□ 


o 


□ 

(□) 


n 


PP3 


O 


D. 


o 


□ . 


Q 


PP4 


O 


o 


□ 


O 


□ 



Caption: o denotes an open valve; o denotes a closed valve; 
o/o dehotes a valve opening and closing during a pumping 
sequence; □ denotes an idle pump station (not in use) ; and 
□denotes a pump station in use. 

D. The Post-Collection Cycle 

Once the targeted volume of red blood cells has been 
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collected (as monitored by the weigh sensor) , the circuit is 
programmed to carry out the phases of the post-collection 
cycle, 

1. Return Excess Plasma 
In a first phase of the post-collection cycle (Excess 
Plasma Return) , the circuit is programmed to terminate the 
supply and removal of blood to and from the processing 
chamber, while operating the donor interface pump station 
PP3 (i.e., in through valve Vll and. out through valve V13) 
to convey plasma remaining in the plasma container 3 04 to 
the donor. The circuit is also programmed in this phase to 
mix saline from the container 288 in line with the returned 
plasma. This phase continues until the plasma container 304 
is empty, as monitored by the weigh sensor. 

2 • Saline Purge 

In the next phase of the post-collection cycle (Saline 
Purge) , the circuit is programmed to operate the donor 
interface pump station PP3 (i.e., in thirough valve Vll and 
out through valve Vll) to convey saline from the container 
288 through the separation device, to displace the blood 
contents of the separation device into the in-process 
container 312, in preparation for their return to the donor. 
This phase reduces the loss of donor blood. This phase 
continues until a predetermined volume of saline is pumped 
through the separation ^dev ice, as monitored by the weigh 
■sensor. -■v*--W-. 

3 4 Final Return to Donor 

In the next phase of the post-collection cycle tPinal 
Return) , the circuit is programmed to operate the donoi: 
interface putnp station PP3 (i.is., in through valve Vll and 
out through valve VI ^) to convey the blood contents of the 
in-process container 312 to the. donor. Saline is 
intermittently mixed with the blood contents , This phase 
<:ontinues until the in-process container 312 Is empty, as. 
monitored by the weigh sensor . 
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In the next phase (Fluid Replacement) , the circuit is 
programmed to operate the donor interface pump station PP3 
(i.e., in through valve Vll and out through valve V13) to 
convey the saline to the donor. This phase continues until 
a prescribed replacement volume amount is in£used, as 
monitored by the weigh sensor. 

In the next phase of the post-collection cycle (Empty 
In Process Container) , the circuit is programmed to operate 
the donor interface pump station PP3 (i.e., in through valve 
Vll and out through valve V13) to convey all remaining 
contents of the in-process container 312 to the donor, in 
preparation of splitting the contents of the red blood cell 
container 308 for storage in both containers 308 and 312. 
This phase continues until a zero volume reading for the in- 
process container 312 occurs, as monitored by the weigh 
sensor, and air is detected at the air detector. 

At this phase, the circuit is programmed to close all 
valves and idle all pump stations, so that the phlebotomy 
needle 268 can be removed from the donor. 

The programming of the circudt during the phased of the 
post-collection cycle is summarized in the following table. 

TABLE 

Programming of Blood Processing Circuit During The. Post- 
Collection Cycle 
(Poiible Red Blood Cell Collection Procedure) . 



Phase 


Excess 
Plasma 
Return 


Saline 
Purge 


Final 
Return - 


Fluid 

Replacement- 


Empty In 

Process 

Container 


VI 


o 


o 


o 


o 


o 


V2 


o 


o 


d 


o 


o . 


V2 


p 


o 


■ 6 


o ■ • ' /• 


■ "o 


. V4 


6 * 


o ' . 


6 


b ' • 'r-v : ■•■ 


. o - ■ 


V5 


o 


o 


o 


.o ■ • ■ 


o 


V6 


o/o 

Alternates 
with V2 3 


o • . 


o 


o • 


p 



r 



wo 01/18396 



PCT/USOO/24767 



- 52 - 



10 



15 



20 



Phase 


Excess 
Plasma 
Return 


Saline 
Purge 


Pinal 
Return 


Fluid 

Replacement 


Empty In 

Process 

Container 


V7 


o 


o 


o/o 

Alternates 
with V23 


o 


o 


V8 


. o 


o 


o 


o 


o 


V9 


6 


o 


o 


o 


o 


VI 0 


o 


o 


o 


o 


o 


Vll 


o/o 

Pump In 


o/o 

Pump In/ 
Pump Out 


p/o 

Pump In 


o/o 

Pump In 


o/o 

Pump In 


VX2 


o 


o 


o 


o 


o 


V13 


o/o 

Pump Out 


o 


o/o 

Pump Out 


o/o 

Pump Out 


o/o 

Puirp Out 


V14 


o 


O 


o 


o 


O 


VI 5 


o 


o 


o 


o 


o 


VI 6 


o 


o 


o ' 


o 


o 


V17 


o 


o 


o 


o 


o 


VI 8 


O 


o 


o 


p 


6 


V19 


O 


. o 


o 


o 


o 


V20 


o 


o 


o 


o 


o 


V21 


* O 


<> 


o 


o 


o 


- V22 


'•o 


o . 


o 


o :.';•••..-/-. 


: Q 


V23 


o/o 

Alternates 
with V6 


. o 


o/o 

Alterziates 
with V7. 


o. . 


o 


PPl 


□ 


□ 


□ 


O 


□ 


PP2 


□ 


n 




CI .. 


□ 


PP3 


d 


a - ■ 


b 


a .-.K- 




PP4 


□ 


□ 




D 


□ 



Caption: o denotes an open valve; o denotes a closed valve; 
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o/o denotes a valve opening and closing during a pumping 
sequence; □ denotes an idle pump station (not in use); and 
□ denotes a pump station in use. 

E. The Storage Preparation Cycle 
5 1. Split RBC 

In the first phase of the storage preparation cycle 
(Split RBC) , the circuit is programmed to operate the donor 
interface pump station PP3 to transfer half of the contents 
of the red blood cell collection container 308 into the in- 
10 process container 312. The volume pumped is monitored by 

the weigh sensors for the containers 308 and 312. 
2 . Add RBC Preservative 
In the next phases of the storage preparation cycle 
(Add Storage Solution to the In Process Container and Add 
15 Storage Solution to the Red Blood Cell Collection 

Container), the circuit is programmed to operate the donor 
interface pump station PP3 to transfer a desired volume of 
red blood cell storage solution from the container 280 first 
into the in-process container 312 and then into the red 
20 blood cell collection container 308, The transfer of the 

desired volume is monitored by the weigh scale. 

In the next and final phase (End Procedure), the 
circuit is programmed to close all valves and idle all pump 
stations, so that the red blood cell containers 308 and 312 
25 caii be separated and removed for storage. The remainder of 

the disposable set can now be removed and disiearded. 

The programming of the circuit during the phases of the 
storage preparation cycle iis summarized in the following 
• tablev 

30 ■ "' TAlSliE 

Pirograiiamlng of Blood Processiiig Circuit Duris^g The Stoi^age; 

Preparation Cycle . . .. . ^ 
(idbubie Riad Blood Cell Collection Procedure) 



wo 01/18396 



PCT/USOO/24767 



- 54 - 



Phase 


Split RBC 
Between RBC 
Collection 
and In 
Process 
Containers 


Add Storage 
Solution to In 

Process 
Container 


Add Storage 
Solution to 

RBC 

Collection 
Container 


End 

Procedure 
(Remove 
veni- 
puncture) 


VI 


o 


o . 


o 


o 


V2 


o 


o 


o 


o 


V3 


o/o 

Alternates 
with Vll and 

V4 


o 


o 


o 


V4 


o/o 

Alternates 
V4 


o 


o 


o 


VS 


o 


o 


o 


© . 


V6 


o 


o 


o 


o 


V7 


o 


O 


o 


o 


V8 


o 


o 


o 


o 


V9 


o 


O 


p . 


o 


VI 0 


o 


o 


o 


o 


Vll 


o/o 

Pump In/ 
Punp Out 


o/o 

Pump In/ 
Puntp Out 


o/o 

Puns> In/ 
Pump Out 


o 


V12 


o 


o 


p ■ 


o 


V13 


o 


o 


o 


o 


V14 


o 


o 


p 


o 


VIS 




o 


p 


o 


V16 


o 


o ■ 




p 


V17 


6 


o 


■ o 


o 


V18 


o 


. p • . ■ 


P 


o 


VX9 


. o 


o 


o 


0 


V20 . . 


o 


o 


o 


o 


V21 


p 


. o ' 


o ■ * 


p 


V22 


o 


o , 


P 


p 


V23 


o 


p 


o 


p 


PPl 


D 


D . 




□ 
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Phase 


Split RBC 
Between RBC 
Collection 
and In 

Process 
Containers 


Add Storage 
Solution to In 
Process 
Container 


Add Storage 
Solution to 
RBC 

Collection 
Container 


End 

Procedure ' 
(Remove 
Veni- 
puncture) 


PP2 


a 


□ 


□ 


□ 


PP3 


□ 


□ 


o 


□ 


PP4 


□ 


□ 


□ 


□ 



5 Caption: o denotes an open valve; o denotes a closed valve; 

o/o denotes a valve opening and closing during a pumping 
sequence; □ denotes an idle pump station (not in use) ; and 
□ denotes a pump station in use. 

F. Plasma Collection (No Red Blood Cell Collection) 

10 During this procedure, whole blood from a donor is 

centrifugally processed to yield up to 880 ml of plasma for 
collection. All red blood cells are returned to the donor - 
This procedure will, in shorthand, be called the plasma 
collection procedure. 

15 Programming of the blood processing circuit 46 (through 

the selective application of pressure to the valves and pump 
stations of the cassette) makes it possible to use the same 
universal set 264 as in the double red blood cell collection 
procedure . 

20 The procedure includes a pre-collectioh cycle, a 

collection cycle, and a post-collection cycle. 

During the pre-collection cycle, the set 264 is primed 
to vent air prior to venipuncture. During the collection 
cycle, whole blood, drawn from the donor is processed to 
25 collect plasma, while returning red blood cells to the 

donor. During the post -collection cycle, excess plasma is 
returned to the donor, and the set is flushed with saline. 
!• The Pre-Collection Cycle 
a. Anticoagulant Prime 
30 In the pre-collection cycle for the plasma collection 

(no red blood, cells), procedure, the cassette is programmed 
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to carry out AC Prime 1 and AC Prime 2 Phases that are 
identical to the AC Prime 1 and AC Prime 2 Phases of the 
double red blood cell collection procedure, 
b. Saline Prime 

In the pre-collection cycle for the plasma collection 
(no red blood cell) procedure, the cassette is programmed to 
carry out Saline Prime 1, Saline Prime 2, Saline Prime 3, 
Vent Donor Line, and Venipuncture Phases that are identical 
to the Saline Prime I, Saline Prime 2, Saline Prime 3, Vent 
Donor Line, and Venipuncture Phases of the double red blood 
cell collection procedure. 

The programming of the circuit during the phases of the 
pre-collection cycle is summarized in the following table. 

TABLE 

Prograinming o£ Blood Processing Circuit During Pre- 

Collection Phase 
(Plasma Collection Procedure) 



Phase 


AC 

Prime 1 


AC 

Prime 2 


Saline 
Prime 1 


Saline 
Prime 2 


Saline 
Prime 3 


Vent 

Donor 

Line 


Veni - 
puncture 


VI 


o 


o 


o 


o 


o 


o 


o 


V2 


o 


o 


o 


o 


o 


o 


o 


.V3 


o 


o 


o 


o 


o 


o 


o 


V4 


o 


o 


o 


o 


o 


o 


o 


V5 


o 


o 


o 


o 


o 


o 


o 


Vfi 


o 


o 


o 


o 


o 


o 


o 


yi 


b 


p . 


o 


b 


o 


o . 


o 


V8 


o 


o 


o 


o 


o 


o 


o 


V9 


o 


o 


o/o 

Pump 

Out 


o/o 

Pump 

Out 


o/o 

Pump In 

(Stage 

1) 

o 

(Stage 
\2) 


o 


o 
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Phase 


AC 

Prime 1 


AC 

Prime 2 


Saline 
Prime 1 


Saline 
Prime 2 


Saline 
Prime 3 


Vent 

Donor 

liine 


Veni- 
puncture 


VIO 


o 


o 


o 


o 


o 

(Stage 

X) 

o/o 

PUR^ 

Out 

(Stage 

2) 


o 


o 


Vll 


o/o 
Pump 
Out . 


o 


o 


o 


o 


o/o 

Pun^ In 


o 


V12 


o 


o 


o 


o 


o 

(Stage 

1) 

o/o 

Pun^ In 

(Stage 

2) 


o 


o 


V13 


o/o 

Pump In 


o 


o 


o 


o 


6/0 

Pximp 

Out 


o 


VI 4 


o 


O 


o/o 

Pun^ In 


o/o 

Pump In 


o/o 
Pump 
Out 
(Stage 
1) 
o 

(Stage 
2) . 


o 


o 


VIS 


O 


O/O 

Pump In 

Pun^ 

Out 


o 


o 


o 


o 


o 


V16 


o 


o 


o 


o 


o 


■ o. - 




VI 7 


o 


o 


o 


0 


o 




o 


VIS 


o 


o 


0 


o 


o 


o 


o 


.V19 


o 


o . . 


o 


Q 


o 


o 


o 


V20 


o 


o/o 

E>uinp 

Out 

Pun^ I n 


o 


O 


o 


o 


o 


V21 


o 


o 


o 


O 


o . 


o 


o 


V22 


o . 


o 


o 


O 


o 


o 


o 


V23 


o 


o 


o 


o 


o 


o 


o 
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Phase 


AC 

Prime 1 


AC 

Prime 2 


Ssl 1 1 ne 
Prime 1 


Prime 2 


Saline 
Prime 3 


Donor 
Line 


Veni- 
puncture 


PPl 


□ 


□ 


□ 


a 


□ 

(Stage 
1) 


O 


a 


PP2 


□ 


a 


□ 


□ 


a 

(Stage 
2) 


□ 


□ 


PP3 


□ 


Q 


D 




□ 


a 


□ 


PP4 


□ 


□ 


□ 


□ 


□ 


□ 


□ 



Caption: o denotes an open valve; o denotes a closed valve; 
o/o denotes a valve opening and closing during a pumping 
seqpjience; □ denotes an idle pump station (not in use) ; and 
□ denotes a pump station in use. 

10 2. The Collection Cycle 

a. Blood Prime 
With venipuncture, tube 3 00 leading to the phlebotomy 
needle 268 is opened. In a first phase of the collection 
cycle (Blood Prime 1) , the blood processing circuit 46 is 

15 programmed to operate the donor interface pump PP3(i»e., in 

through valve VI 3 and out through valve VI 1) and the 
anticoagulant pump PP4 (i.e., in through valve V20 and out 
through valve V15) to draw ant i coagulated blood through the 
donor tube 270 into the in process container 312, in the 

20 same fashion as the Blood Primie 1 Phase of the the double 

red blood cell collection procedure, as already described. 

In a next phase (Blood Prime 2) , the bloo?^ 'processing 
circuit 46 is programmed to operate the in-process pump, 
station PPl to draw ant i coagulated blood from the in-process 

25 container 312 through the separation device, in the same 

fashion as the Blood Prime 2 Phase for the double red blood 
cell collection procedure, as already described. During 
this phase, saline displaced by the blood is returned to the 
donor . 

30 b. Blood Separation While Drawing 
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Whole Blood or Without Drawing 
Whole Blood 

In a next phase of the blood collection cycle (Blood 
Separation While Drawing Whole Blood) , the blood processing 
5 circuit 46 is programmed to operate the donor interface pump 

station PP3 (i.e., in through valve V13 and out through 
valve Vll) ; the anticoagulant pump PP4 (i.e., in through 
valve V20 and out through valve VIS) ; the in-process pump 
PPl (i.e., in through valve V9 and out through valve V14) ; 

10 and the plasma pump PP2 (i.e., in through valve V12 and out 

through valve VlO) , in the same fashion as the Blood 
Separation While Drawing Whole Blood Phase for the double 
red blood cell collection procedure, as already described. 
This arrangement draws anticoagulated blood into the in- 

15 process container 312, while conveying the blood from the 

in-process container 312 into the processing chamber for 
separation. This arrangement also removes plasma from the 
processing chamber into the plasma container 3 04, while 
removing red bipod cells from the processing chamber into 

20 the red blood cell container 308. This phase continues until 

the targeted volume of plasma is collected in the plasma 
collection container 304 (as monitored by the weigh sensor) 
or until a targeted volume of red blood cells is collected 
in the red blood cell collection container (as monitored by 

25 the weigh sensor) : 

As in the double red blood cell collection procedure, 
if the volume of whole blood in the in^process container 312 
reaches a predetesrmined maximum threshold before the 
targeted volume of either plasma or red blood cells is 

30 collected, the circuit is programmed to enter another phase 

(Blood Separation Without Drawing Whole Blood) to terminate 
operation of the donor interface pump station PiP3 (while 
also closing valves V13, Vll, V18, and V13) to terminate 
collection of whole blood in the in-process container 312, 

35 while still continuing blood separation. If the volume of 
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whole blood reaches a predetermined minimum threshold in the 
in-process container 312 during blood separation, but before 
the targeted volume of either plasma or red blood cells is 
collected, the circuit is programmed to return to the Blood 
5 Separation While Dr.awing Whole Blood Phase, to thereby 

refill the in-process container 312. The circuit is 
programmed to toggle between the Blood Separation Phases 
• while drawing whole blood and without drawing whole blood, 
according to the high and low volume thresholds for the in- 

10 process container 312, until the requisite volume of plastna 

has been collected, or until the target volume of red blood 
cells has been collected, whichever occurs first. 

c* Return Red Blood Cells /Saline 
If the targeted volume of plasma has not been 

15 collected, the next phase of the blood collection cycle 

(Return Red Blood Cells With Separation) programs the blood 
processing circuit 46 to operate the donor interface pump 
station PP3 (i.e., in through valve Vll and out through 
valve V13) ; the in-process pump PPl (i.e., in through valve 

20 V9 and out through valve V14) ; and the plasma pump PP2 

(i.e., in through valve V12 and out through valve VIO) . This 
arrangement conveys anticoagulated whole blood from the in- 
process container 312 into the processing chamber for 
separation, while removing plasma into the plasma container 

25 304. and red blood cells into the red blood cell container 

308. This arrangement also conveys red blood celjis from the 
red blood cell container 308 to the donor, while all so mixing 
saline from the container 288 in line with the returned red 
blood cells. The in line mixing of saline with the red 

30 blood cells raises the saline tenqp.erature and improves donor 

comfort. The in line mixing of saline with ^t^e red blood 
cells also lowers the hematocrit of the red blood cells 
being returned to the donor, thereby allowing a larger gauge 
(i.e., smaller diameter) phlebotomy needle to be used, to 

35 further improve donor comfort. This phase continues until 
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the red blood cell container 308 is empty, as monitored by 
the weigh sensor. 

If the volume of whole blood in the in-process 
container 312 reaches a specified low threshold before the 
5 red blood cell container 308 empties, the circuit is 

programmed to enter another phase (Red Blood Cell Return 
Without Separation) , to terminate operation of the in- 
process pump station PPl (while also closing valves V9 , V10> 
V12, and V14) to terminate blood separation. The phase 

10 continues until the red blood cell container 308 empties. 

Upon emptying the red blood cell container 308, the 
circuit is programmed to enter another phase (Fill Donor 
Line) , to operate the donor interface pump station PP3. 
(i.e., in through valve VI 1 and out through valve VI 3) to 

15 draw whole blood from the in process container 312 to fill 

the donor tube 266, thereby purge red blood cells (mixed 
with saline) in preparation for another draw whole blood 
cycle 

The circuit is then programmed to conduct another Blood 
20 Separation While Drawing Whole Blood Phase, to refill the in 

process container 312. The circuit is programmed to conduct 
successive draw whole blood and return red blood cells / 
saline cycles, as dsecribed, until the weigh sensor 
indicates that a desired volume of plasma has been collected 
25 in the plasma collection container 304. When the targeted 

volume of plasma has been collected, the po^t-collectlon 
cycle commences. 

The programming of the circuit during the phases of the 
collection. cycle is . summarized in the following tcdsle. 
3Q TABLE 

Prograxoming of Blood Processing Cir-cult During The 

Collection Cycl^ 
(Plasma Collection Procedure) 
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Phase 


Blood Prime 
1 


Blood Prime 
2 


Blood 

Separation 

While 

Drawing 

Whole Blood 

(Without 

Drawing 

Whole 

Blood) 


Return Red 
Blood Cells 
/ Saline 
with 

Separation 

(Without 

Separation) 


Fill Donor 
Line 


VI 


o 


o 


o 


o 


o 


V2 


o 


O 


o 


o 


o 


V3 


o 


o 


o 

(o) 


o 


o ■ 


V4 


o 


o 


o 


o 


o 


V5 


o 


o 


o 


O (O) 


o 


V6 


6 


o 


6 


o 


b 


V7 


o . 


o 


o 


o/o 

Alternates 
with V23 


o 


ve 


o 


o 


o 


o 


o 


V9 


o 


o/o 

Pump In 


o/o 

Punqp In 


o/o 

Pun^ In 
(o) 


o 


VI 0 


o 


o 


o/o 

Pump Out 


o/o 

Pun^ Out 
(O) 


o 


Vll 


o/o 

Pump Out 


o 


o/o 

Pump Out 

(O) 


o/o 

Pun^ In 


o/o 

Pump In 


V12 


o 


. o 


o/o 

Pump In 


o/o 

.Pump In 

(O) 


o 


VI 3 


o/o 

Pump In 


o 


o/o 

Pump In 
(o) 


o/o 

Pump Out . . 


o/o 

.--Piimp Out 


V14 


o 


o/o 

Punp Out 


o/o 

Pump Out 


o/o 

Purap Out 
«o) 


o 


VIS 


o/o 

Pump Out 


o 


o/o 

PUR^ Out 

<o) 


o 


O 


V16 


o - 


•o 


o. • 


•o 


b 


VX7 


o 


o 


o 


o 


b 


Vie 


o 


o 


o 

(o) 


o 


o 
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Phase 


Blood Prime 
1 


Blood Prime 
2 


Blood 
Separation 
While 
Drawing 
Whole Blood 

\ n A ^ ii\>u ^ 

Drawing 

Whole 

Blood) 


Return Red 
Blood Cells 
/ Saline 
with 

Separation 
Separation) 


Fill Donor 
Line 


V19 


o 


0 


o 

<o) 


o 


o 


V20 


o/o 

Pump Out 


o 


o/o 

Pump In 
(o) 


o 


o 


V21 


o 


o 


o 


o 


o 


V22 


o 


O 


o 


o 


o 


V23 


o 


o 


o 


. o/o 
Alternates 
with V7 


o 


PPl 


□ 


o 


□ 


O 
(□) 


□ 


PP2 




a 


a 


(□) 


a 


PP3 


□ 


□ 


□ 


a 


a 


PP4 


o 


D 


□ 

(□> 


□ 


□ 



10 

Caption: o denotes an open valve; o denotes a closed valve; 
o/o denotes a valve opening and closing during a pumping 
sequence; □ denotes an idle pump station (not in use) ; and 
□ denotes a pump station in use. 
15 <i» The Post*Collection Cycle, 

Once the targeted volume of plasma has beeii collected 
(as monitored by the weigh sensor) , the circuit is 
programmed to carry out the phases of the post-cplleetion 
cycle . 

20 3* Return Excess Red Blood Cella . 

. in a fisrst phase of the. post -collection cycle (Remove 
Plasma Collection Container) , the circixit is programmed: to 
close all. valves and disable all pump stations to allow 
separation of the plasma collection container 304 from the 
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set 264 . 

In the second phase of the post-collection cycle 
(Return Red Blood Cells) , the circuit is programmed to 
operate the donor interface pump station PP3 (i.e., in 
5 through valve Vll and out through valve V13) to convey red 

blood cells remaining in the red blood cell collection 
container 308 to the donor. The circuit is also programmed 
in this phase to mix saline from the container 288 in line 
with the returned red blood cells. This phase continues 
10 until the red blood cell container 308 is empty, as 

monitored by the weigh sensor. 

4 • Saline Purge 
In the next phase of the post-collection cycle (Saline 
Purge) , the circuit is programmed to operate the donor 
15 interface pump station PP3 (i.e., in through valve Vll and 

out through valve Vll) to convey saline from the container 
288 through the separation device, to displace the blood 
contents of the separation device into the in-process 
container 312, in preparation for their return to the donor. 
20 This phase reduces the loss of donor blood. This phase 

continues until a predetermined volume of saline in pumped 
through the separation device, as monitored by the weigh 
sensor. 

5, . Final Return to Donor 
25 In the next phase of the post-collection cycle (Final 

Return), the circuit is programmed to operate the donor 
interface pump station PP3 (i.e., in through v4lve Vll and 
out through valve V13) to convey the blood contents of the 
iii-process cpntainer 312 to the donor. Saline is 
30 intermittently mixed with the blood contents. This phase 

continues until the in-proceiss container 312, is empty, as 
monitoired by the weigh sensor. . 

In the next phase (Fluid Replacement), the circuit is 
programmed to opierate the donor interface pun^ station PP3 
35 (i.e. , in through valve Vll. and out through valve V13) to 
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convey the saline to the donor. This phase continues until 
a prescribed replacement volume amount is infused, as 
monitored by the weigh sensor. 

In the final phase (End Procedure) , the circuit is 
5 programmed to close all valves and idle all pump stations, 

so that venipuncture can be terminated, and the plasma 
container can be separated and removed for storage. The 
remaining parts of the disposable set can be removed and 
discarded. 

10 The programming of the circuit during the phases of the 

post-collection cycle is summarized in the following table. 

TABLE 

Programming of Blood Processing Circuit During The Post- 
Collection Cycle 
15 (Plasma Collection Procedure) 



Phase 


Remove 

Plasma 

Collection 

Container 


Return 
RBC 


Saline 
Purge 


Final 
Return 


Fluid 

Replacement. 


End 

Procedure 


VI 


..o 


o 


o 


o 


o 


o 


V2 . 




O 


o 


o 


o 


o 


V3 


o 


o 


o 


o 


o 


o 


y4 


o 


o 


o 


o 


o 


o 


vs 


o 


o 


o 


o 


o 


o 


V6 


o 


o 


o 


o 


o ■ 


o 


V7 


o 


o/o 
Altern 
ates . 
with 
V23 


o 


o/o 

Altera 
ates 
with 
V23 


o 


o 


V8 


o 


O 


o 


. o 


o 


o 


V9 . 


o 


O 


o 


o 


.o 


o 


vio 


,o 


O 


o 


o 


o 


o 


vii 


o 


o/.o 

Putrp 

In 


o/o 

PUR^. 

in/ 

Pun^ 

Out 


D/O 

. Pump 
In 


. o/b ' 
Pump In 


0 
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5 



10 



Phase 


Remove 
Plasma 

Collection 
Container 


Return 
RBC 


Saline 
Purge 


Final 
Return 


Fluid 

Replacement 


End 

Procedure 


V12 


o 


o 


o 


o 


o 


o 


VI 3 


o 


o/o 

Pump 

Out 


o 


o/o 

Pun^ 

Out 


o/o 

Pump Out 


o 


VI 4 


o 


o 


o 


o 


o 


o 


VIS 


o 


o 


o 


o 


o 


o 


VI 6 












o 


VI 7 


o 


o 


6 


o . 


o 


o 


VX8 


o 




o 


o 


o 


o 


VI 9 


o 


o 


o 


o 


o 


o 


V20 


o 


o 


o 


o 


o 


o 


V21 


o 


o 


o 


o 


o 


o 


V22 


o 


o 


o 


o 


o 


o 


V23 


o 


o/o 

Altern 
ates 
with 
V6 


o 


o/o 

Altern 
ates 
with 
V7 


o 


o 


PPl 


□ 


□ 


Q 


□ 




□ 


PP2 


□ 


□ 


d 


□ 


O 


d 


= PP3 


□ 












PP4 


□ 


□ 




□ 







Caption: o denotes an open valve; o denotes a closed valve; 

o/o denotes a valve opening and closing during a pumping 
20 sequence; III denotes an idle pump station (not in use) ; and 

□ denotes a pump station in use. 

G. Red Blood Cell and Plasina Collection 

During this procedure, whole blood from a donor is 

centrifugally processed to collect up to ed^put 550 ml of 



plasma and up to about 250 ml of red blood cells. This 
prpcedure will, in shorthand, be called the red blood 
cell/plasma collection procedure. 

The portion of the red blood cells not retained for 
collection are periodically returned to the donor during 
blood separation. Plasma collected in excess of the 550 ml 
target and red blood cells collected in excess of the 250 ml 
target are also returned to the donor at the end of the 
procedure . 

Programming of the blood processing circuit 4 6 (through 
the selective application of pressure to the valves and pun^ 
stations of the cassette) makes it possible to use the same 
universal set 264 used to carry out the double red blood 
cell collection or the plasma collection procedure. 

The procedure includes a pre-collection cycle, a 
collection cycle, and a post -collection cycle> and a storage 
preparation cycle. 

During the pre-collection cycle, the set 264 is primed 
to vent air prior to venipuncture. During the collection 
cycle, whole blood drawn from the donor is processed to 
collect plasma and red blood cells, while returning a 
portion of the red blood cells to the donor. During the 
post-collection cycle, excess plasma and red blood cells are 
returned to the donor, and the set is flushed with saline. 
During the storage preparation cycle, a red blood cell 
storage solution added to the collected red bl^od cells. 
(1) The Pxre-r Collection Cycle 

a. Anticoagulant Prixna 

in the pre-collection cycle for the red blood cell / 
plasma collection procedure, the cassette is programmed to 
carry out AC Prime 1 and AC Prime 2 Phases that are 
identical to the AC Prime 1 and AC Prime 2 Phases pf the 
double red blood cell cpilectioh procedure. 

b. Saline Priine 

In the pre-collectibn cycle for the red blood cell / 
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plasma collection procedure, the cassette is programmed to 
carry out Saline Prime 1, Saline Prime 2, Saline Prime 3, 
Vent Donor Line, and Venipuncture Phases that are identical 
to the Saline Prime 1, Saline Prime 2, Saline Prime 3, Vent 
5 Donor Line, and Venipuncture Phases of the double red blood 

cell collection procedure. 

The programming of the circuit during the phases of t:he 
pre-collection cycle is summarized in the following table. 

TABLE 

10 Prograsmolng of Blood Processing Circuit During Pre- 

Collectlon Cycle 



(Red Blood Cell / Plasma Collection Procedure) 



15 



Phase 


AC 

Prime 1 


AC 

Prime 2 


Saline 
Prime 1 


Saline 
Prime 2 


Saline 
Prime 3 


Vent 

Donor 

Line 


Veni- 
puncture 


VI 


o 


o 


o 


o 


o 


O 


o 


V2 


o 


o 


o 


o 


o 


o 


o 


V3 


o 


o 


o 


o 


o 


o 


o 


V4 


o 


o 


o 


o 


o 


o 


o 


VS 


o 


o 


o 


o 


o . 


o 


o 


V6 


o 


o 


o 


■ o 


o 


o 


o 


V7 


o 


o. 


o 


o 


. o 


o 


o 


ve 


o 


o 


o 


o ; 


o 


o 


o 


V9 


o 


o 


o/o 

Pxunp 

Out 


o/o 

Pun^ 

Out 


o/o . 
Pump In 
(Stage 
1) 

o 

(Stage 

2) 


o . 


o 


VI 0 


o 


o 


o 


o 


o 

(Stage 
1) 
o/o 
Pump 
Out 
(Stage 
2) 


o 


o 


yii 


o/o 

Pump 

out 


o 


o 


- o * 


o 


o/o 

PuiT^ In 


o 
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Phase 


AC 

Prime 1 


AC 

Prime 2 


Saline 
Prime 1 


Saline 
Prime 2 


Saline 
Prime 3 


Vent 

Donor 

Line 


Veni- 
puncture 


V12 


o 


o 


o 


o 


o 

(Stage 
1) 

O/o 

Pump In 

(Stage 

2) 


o 


0 


VI 3 


o/o 

Pump In 


o 


o 


o 


o 


o/o 

Pump 

Out 


0 


VI 4 


o 


o 


o/o 

Pump In 


o/o 

Pump In 


o/o 

Pun^ 

Out 

(Stage 
1) 

Q 

(Stage 
2) 


o 


o 


VIS 


o 


o/o 

Pump In 

Pump 

Out 


o 


o 


o 


o 


o 


VX6 


o 


o 


o 


o 


o 


o 


o 


Vl7 


o 


o 


o 


o 


o 


o 


o 


Via 


o 


O 


o 


o 


o • 


O 


o 


. V19 


o 


o 


6 


o 


o 


o 


o ■ 


V20 


o 


o/o 

Pump 

Out 

Pump In 


o 


o 


o 


.o 


o 


V2X 


o 


o 


o 


. o 


o 


o 


b 


V22 


o 


o . 


o 


o 


o 




o 


V23 


o 


o 


o 


o 


b 


■ o 


o 


PPl 


□ 


a 




□ 


D 

(Stage 
1) 


□ 


□ 


PP2 


□ 


□ 


: □ 


□ 


D 

(Stage 
2) 


□ 


□ 


.PP3 


o 


D 


□ 


D 


a 


o 




PP4 


a 


a 


□ 


O 


o 


□ 


□ 



Caption: o denotes an open valve; o denotes a closed valve; 
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o/o denotes a valve opening and closing during a pumping 
sequence; □ denotes an idle pump station (not in use) ; and 
P denotes a pump station in use. 

2. The Collection Cycle 
5 a. . Blood Prime 

With venipuncture, tube 300 leading to the phlebotomy 
needle 268 is opened. The collection cycle of the red blood 
cell / plasma collection procedure programs the cixcuit to 
carry out Blood Prime 1 and Blood Prime 2 Phases that are 
iO identical to the Blood Prime 1 and Blood Prime 2 Phases of 

the Double Red Blood Cell Collection Procedure, already 
described. 

b. Blood Separation While Drawing Whole 
Blood or Without Drawing Whole Blood 

15 In the blood collection cycle for the red blood cell / 

plasma collection procedure, thp circuit is programmed to 
conduct a Blood Separation While Drawing Whole Blood Phasie, 
in the same fashion that the Blood Separation While Drawing 
Whole Blood Phase is conducted for the double red blood cell 

20 collection procedure. This arrangement draws anticoagulated 

blood into the in-process container 312/ while conveying the 
blood from the in-process container 312 into the processing 
chamber for separation. This arrangement also removes plasma 
from the processing chamber into the plasma container 304, 

2'5 while removing red blood cells from the processing chamber 

into the red blood cell container 308. This phase continues 
until the desired maximum volumes of plasma ^nd red blood 
cells have been collected in the p}.a8ma and red blood cell 
collection containers 304 and 308 (as monitored by the weigh 

3"b sensor) . 

As in the doiable red blood cell collect.ioji procedure 
and the plasma collection procedure, if the volume, of whole 
blood in the in-process container 312 reaches a 
predetermined maximum threshold bef pre the targeted volume 

35 of (either plasma or red blood cells is collected, the 
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circuit is progranmied to enter a phase (Blood Separation 
Without Whole Blood Draw) to terminate operation of the 
donor interface pump station PP3 (while also closing valves 
V13, Vll, V18, and V13) to terminate collection of whole 
5 blood in the in-process container 312, while still 

continuing blood separation. If the volume of whole blood 
reaches a predetermined minimum threshc>ld in the in-process 
container 312 during blood separation, but before the 
targeted volume of either plasma or red blood cells is 
10 collected, the circuit is programmed to return to the Blood 

Separation With Whole Blood Draw, to thereby refill the in- 
process container 312. The circuit is programmed to toggle 
between the Blood Separation cycle with whole blood draw and 
without whole blood draw according to the high and low 
15 volume thresholds for the in-process container 312, until 

the requisite maximum volumes of plasma and red blood cells 
have been collected. 

c. Return Red Blood Cells and Saline 
If the targeted volume of plasma has not been 
20 collected, and red blood cells collected in the red blood 

cell container 308 exceed a predetermined maximum threshold; 
• the next phase of the blood collection cycle (Return Red 
Blood Cells With Separation) programs the blood processing 
circuit 4 6 to operate the donor interface pump station PP3 
2 5. (i.e. , in through valve Vll and out through valve V13) ; the 

in-process- pump PPl (i.e., in through valv^ .ys and put 
through valve V14) ; and the plasma pump PP2 (i.e., in 
through valve V12 and out through valve VlO) . This 
arrangement continues to convey anticoagulated whole blood 
from the in-process container 312 into the processing 
chamber for separation, while removing plaema into the 
plasma container 304 and red blood ceils intb the red blood 
cell container 308. This arrangement also conveys all or k 
portion of the red blood cells collected in the red blood 
35 cell container 308 to the doiior; This arrangement also 



30 
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10 



mixes saline from the container 288 in line with the 
returned red blood cells. The in line mixing of saline with 
the red blood cells raises the saline temperature and 
improves donor comfort. The in line mixing of saline with 
the red blood cells also lowers the hematocrit of the red 
blood cells being returned to the donor, thereby allowing a 
larger gauge (i.e., smaller diameter) phlebotomy needle to 
be used, to further improve donor comfort. 

This phase can continue until the red blood cell 
container 308 is empty, as monitored by the weigh sensor, 
thereby corresponding to the Return Red Blood Cells With 
Separation Phase of the plasma collection procedure. 
Preferably,, however, the processor determines how much 
additional plasma needs to be collected to meet the plasma 
15 target volume. From this, the processor derives the 

incremental red blood cell volume associated with the 
incremental plasma volume. In this arrangement, the 
processor returns a partial volume of red blood cells to the 
donor, so that, upon collection of the next incremental red 
20 blood cell volume, the total volume of red blood cells iii 

the container 308 will be at or slightly over the targeted 
red blood cell collection volume. 

If the volume of whole blood in the in-process 
container 312 reaches a specified low threshold before 
25 return of the desired volume of red blood cells, the circuit 

is programmed to enter a phase (Return Red . Blood Cells 
Without Separation) , to terminate operation of the in- 
process pump station PPl (while also closing valves V9, VIO, 
V12, and V14) to terminate blood Gei>aration. This phase 
30 corresponds to the Return Red Blood Cells Without Separation 

Phase of the plasma collection procedure. ,^ 

Upon returning the desired volume of red blood cells 
from the container 308, the circuit is programmed to enter 
a phase (Fill Donor Line) , to operate the donoir interface 
35 pump station PP3 (i.e. , in through valve Vll and out through 
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valve V13) to draw whole blood from the in process container 
312 to fill the donor tube 266, thereby purge red blood 
cells (mixed with saline) in preparation for another draw 
whole blood cycle . 
5 The circuit is then programmed to conduct another Blood 

Separation While Drawing Whole Blood Phase, to refill the in 
process container 312. If required, the circuit is capable 
of performing successive draw whole blood and return red 
blood cells cycles, until the weigh sensors indicate that 

10 volumes of red blood cells and plasma collected in the 

containers 304 and 3 08 are at or somewhat greater than the 
targeted values. The post-collection cycle then commences. 

The programming of the circuit during the phases of the 
collection cycle is summarized in the following table. 

15 TABLE 



Prograxnmlng of Blood Processing Circuit During The 

Collection Cycl^ 
(Red Blood Cell / Plasma Collection Procedure) 



25 



Phase 


Blood Prime 

1 . 


Blood Prime 
2 


Blood 
Separation 
While 
Drawing 
Whole Blood 
(Without 
Drawing 
Whole 
Blood) 


Return Red 
Blood Cells 
/ Saline 
with 

Separation 
(Without 
' Separation) 


Fill Donor 
Line 


VI 


o . . 


o 


*o 


o 


o 




o 


o 


o . 




' o 


V3 


o 


o 


o 

CO) 


o ■ 


o 


V4 


o 


o 


o 


o 


o 


V5 


o 


o 


o 


O (O) 


o 


Vfi 


o 


o 


o 


o 


o 


V7 


o 


o • 


o 


o/o "■ *■ 
Alterhates 
with. V23 


o 


V8 


o 


o 


o 


o 


o 



wo 01/18396 



PCT/USOO/24767 



- 74 - 



Phase 


Blood Prime 
1 


Blood prime 
2 


Blood 

Separation 

While 

Drawing 

Whole Blood 

(Without 

Drawing 

Whole 

Blood) 


Return Red 
Blood Cells 
/ Saline 
with 

Separation 
(Without 
Separat ion) 


Fill Donor 
Line 


V9 


o 


o/o 

Pump In 


o/o 

Pump In 


o/o 

Pump In 

(O) 


o 


VIO 


o 


o 


o/o 

Pump Out 


o/o 

Purap Out 
(O) 


o 


Vll 


o/o 

Pump Out 


o 


o/o 

Pump Out 

(O) 


o/o 

Pump In 


o/o 

Punp In 


V12 


o 


o 


o/o 

Pump In 


o/o 

PuR^ In 

(O) 


o 


VI 3 


o/o 

Puii^ In 


o 


o/o 

Punrp In 
(o) 


o/o 


o/o 

Pump Out 


VI 4 


o 


o/o 

Pump Out 


o/o 

Pump Out 


o/o 

Pump Out 
(o) 




VIS 


o/o 

Pump out 


o 


o/o 

Pump Out 


o 


o 


V16 


•o 


o 


o 


o 


o 


VI7 


o 


o 


o 


o 


o 


Via 


o 


o 


o 

CO) 


o 


. o 


V19 


o 


o 


o 

<°> 


. o 


o 


V20 


o/o 

Pump Out 


o 


o/o 

Pump In 


o 


o 




o 


o 


o 


o 


o 


,y22 


O . ; 


o 


•o 


o 


o 


V23 


O 


o 


o 


o/o 

Alternates 
with V7 


o . - 


PPI 


□ 


□ 


a 


o 

(□) 


D 
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Phdsc 


1 


Blood Prime 

' 2 


Blood 

Separacion 
While 
Drawing 
Whole Blood 
(without 
Drawing 
Whole 
Blood) 


Return Red 
Blood Cells 
/ Saline 
with 

Separation 

(Without 

Separation) 


Pill Donor 
Line 


PP2 


□ 


□ 


a 


□ 

(O) 


a 


PP3 


a 


□ 


□ 


o 


O. 


PP4 


a 


D 


□ 


□ 


□ 



•5 Caption: o denotes an open valve; o denotes a closed valve; 

o/o denotes a valve opening and closing during a. pumping 
sequence; □ denotes an idle pump station (not in use) ; and 
□ denotes a pump station in use. 

d. The Post-Collection Cycle 

10 Once the targeted maximum volumes of plasma and red 

blood cells have been collected (as monitored by the weigh 
sensor) , the circuit is programmed to carry out the phases 
of the post-collection cycle. 

!• Return Excess Plasma 

15 If the volume of plasma collected in the plasma 

collection container 304 is over the targeted volume, a 
phase of the post-collection cycle (Excess Plasma Return) is 
entered, during which the circuit is programmed to terminate 
the supply and removal of blood to and from the;?t)roces 

20 chamber, while operating the donor interface pump station 

PP3 (i.e., in through valve Vll cuid out through valve VI 3) 
to convey plasma in . the plasma container 304 to the donor . 
The circuit is also programmed in this phase to mix saline . 
from the container 288 in line with the returned plasma. 

25 This phase continues until the volume of plasma in the 

plasma collection container 304 is at the targeted value, as 
monitored by the weigh sensor. 
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11* Return Excess Red Blood Cells 
If the volume of red blood cells collected in the red 
blood cell collection container 308 is also over the 
targeted volume, a phase of the post -collection cycle 
5 (Excess RBC Return) is entered, during which the circuit is 

programmed to operate the donor interface pump station PP3 
(i.e., in through valve Vll and out through valve V13) to 
convey red blood cells remaining in the red blood cell 
collection container 3 08 to the donor. The circuit is also 

ID programmed in this phase to mix saline from the container 

288 in line with the returned red blood cells. This phase 
continues until the volume of red blood cells in the 
container 308 ecjuals the targeted value, as monitored by the 
weigh sensor. 

1^ ill* Saline Purge 

When the volumes of red blood cells and plasma 
collected in the containers 308 and 304 equal the targeted 
values, the next phase of the post-collection cycle (Saline 
Purge) is entered, during which the circuit is programmed to 

20 operate the donor interface pump station PP3 (i.e., in 

through valve Vll and out through valve Vll) to convey 
saline from the container 288 through the separation device, 
to displace the blood contents of the separation device into 
the in-process container 312, in preparation for their 

25 return to the donor. This phase reduces the loss of donor 

blood. This phase continues until a predetermined volume of 
saline in pumped through the separation device, as monitored 
by the weigh sensor. 

iv« Final Raturn to Donoar 
30 In the next phase of the post -coliection cycle (Final 

Return) , the circuit is programmed to :opera^:e the donor 
interface pump station PP3 (i.e., in through valve Vll and 
out through valve V13) to convey the blood content is of the 
in-process container 312 to the donor. Saline is 
35 intermittently mixed with the blood contents. This phase 
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continues until the in-process container 312 is empty, as 
monitored by the weigh sensor. 

In the next phase (Fluid Replacement) , the circuit is 
programmed to operate the donor interface pump station PP3 
5 (i.e., in through valve Vll and out through valve V13) to 

convey the saline to the donor. This phase continues until 
a prescribed replacement volume amount is infused, as 
monitored by the weigh sensor. 

In the next phase (End Venipuncture) , the circuit is 
10 programmed to close all valves and idle all pump stations, 

so that venipuncture can be terminated. 

The programming of the circuit during the phases of the 
post-collection cycle is summarized in the following table; 

TABLE 

15 Programming of Blood Processing Circuit During The Post- 

Collection Cycle 
(Red Blood Cell / Plasma Collection Procedure) 



Phase 


Excess 
Plasma 
Return 


Excess 

RBC 
Return 


Saline 
Purge 


Final 
Return 


Fluid 

Replace- 
ment 


End 

Veni- 
puncture 


VI 


o 


o 


o 


o 


o 


o 


V2 


o 


o 


o 


o 


o 


o 


V3 


o 


o 
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Caption: o denotes an open valve; 6 denotes a closed valve; 
o/o denotes a valve openihg and closing during a pumping 
sequence; □ denotes an idle pump station (not in use) ; arid 
P denotes a pump station in use. 

e. The Storage Preparation Cycle 
i. . RBC Preservative Prime 
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In the first phase of the storage preparation cycle 
(Prime Storage Solution) , the circuit is programmed to 
operate the donor interface pump station PP3 to transfer a 
desired volume of red blood cell storage solution from the 
container 280 into the in-process container 312 . The 
transfer of the desired volume is monitored by the weigh 
scale. 

In the next phase (Transfer Storage Solution) , the 
circuit is programmed to operate the donor interface pump 
station PP3 to transfer a desired volume of red blood cell 
storage solution from the in-process container 312 into the 
red blood cell collection container 308. The transfer of 
the desired volume is monitored by the weigh scale. 

In the next and final phase (End Procedure) , the 
circuit is programmed to close all valves and idle all pump 
stations, so that the plasma and red blood cell storage 
containers 304 and 308 can be separated and removed for 
storage. The remainder of the disposable set can now be 
removed and discarded. 

The programming of the circuit during the phases of the 
storage preparation cycle is summarized in the following 
table. 

TABIiE 

PrograimxuLngr of Blood Processing Circuit: During The Storage 

Pre£>ar^tion C?ycle 
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Caption: o- denotes an open valve; o denotes a closed valve; 
o/o denotes a valve opening and closing during a pumping 
25 sequence; □ denotes an idle pump station (not in use) ; and 

□ denotes a pump . station in use. 
y, Xnterface Control 

A. TIndersplll and Overspill Detection 
In any of the above -described procedures, the; 
30 centrifugal forces present within the processing chamber 18 

separate whole blood into a region of packed red blood cells 
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and a region of plasma (see Fig. 15A) . The centrifugal 
forces cause the region of packed red blood cells to 
congregate along the outside or high-G wall of the chamber, 
while the region of plasma is transported to the inside or 
5 low-G wall of the chamber. 

An intermediate region forms an interface between the 
red blood cell region and the plasma region. Intermediate 
density cellular blood species like platelets and leukocytes 
populate the interface, arranged according to density, with 
10 the platelets closer to the plasma layer than the 

leukocytes. The interface is also called the **buffy coat," 
because of its cloudy color, compared to the straw color of 
the plasma region and the red color of the red blood cell 
region . 

15 It is desirable to monitor the location of the huffy 

coat, either to keep the buffy coat materials out of the 
plasma or out of the red blood cells, depending on the 
procedure, or to collect the cellular contents of the buffy 
coat. The system includes a sensing station 332 comprising 

20 two optical sensors 334 and 336 for this purpose. 

In the illustrated and preferred embodiment (see Fig. 
13), the sensing station 332 is located a short distance 
outside the centrifuge station 20. This arrangement 
minimizes the f luid volume of components leaving the chamber 

25 before monitoring by the sensing station 332. 

The first sensor 334 in the station 332 optically 
monitors the passage of blood components through the plasma 
collection tube 292. The second sensor 336 in the station 
332 optically monitors the passage of blood components 

30 through the red blood cell collection ttibe 294 . 

The ttibes 292 and 294 are made from pljastic {e.g. 
polyvinylchlorid^) material that is tran§|>arent to the 
optical energy useid for sexising, at least in the region 
where the tubes 292 and 294 are to be placed into 

35 .association with the sensing station 332. 
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In the illustrated embodiment, the set 264 includes a 
fixture 338 (see Figs. 16 to 18) to hold the tubes 292 and 
294 in viewing alignment with its respective sensor 334 and 
336. The fixture 338 gathers the tubes 292 and 294 in a 
compact, organized, side-by- side array, to be placed and 
removed as a group in association with the sensors 334 and 
336, which are also arranged in a compact, side-by-side 
relationship within the station 332. 

In the illustrated embodiment, the fixture 338 also 
holds the tube 290, which conveys whole blood into the 
centrifuge station 20, even though no associated sensor is 
provided. The fixture 338 serves to gather and hold all 
tubes 290, 292, and 294 that are coupled to the umbilicus 
296 in a conpact and easily handled bundle. 

The fixture 338 can be an integral part of the 
umbilicus 296, formed, e.g., by over molding. 
Alternatively, the fixture 338 can be a separately 
fabricated part, which snap fits about the tubes 290, 292, 
and 294 for use. 

In the illustrated embodiment (as Fig. 2 shows) , the 
containers 304, 308, and 312 coupled to the cassette 28 are 
suspended during use above the centrif ugation station 20. In 
this arrangement, the fixture 338 directs the tubes 290, 
292, and 294 through an abrupt, ninety degree bend 
immediately beyond the end of the umbilicus 296 to the 
cassette 28. The bend imposed by the fixture 3 3,3. directs the 
tubes 290:, 292, and 294 in tanderai away from the area 
immediately beneath the containers 304, 308, and 312, 
thereby preventing clutter in this area . The presence of 
the f ixtutre 338 to support an<i guide the tubes 290, 292, and 
294 t:hrough the bend also reduces the risk qf. kinking or 
entanglement. 

The first sensor 334 is capable of detecting the 
presence of optically targeted cellular species or 
components in the plasma collection tube 292. The 
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components that are optically targeted for detection vary 
depending upon the procedure. 

For a plasma collection procedure, the first sensor 334 
detects the presence of platelets in the plasma collection 
tube 292, so that control measures can be initiated to move 
the interface between the plasma and platelet cell layer 
back into the processing chamber. This provides a plasma 
product that can be essentially platelet- free or at least in 
which the number of platelets is minimized. 

For a red blood cell -only collection procedure, the 
first sensor 334 detects the interface between the buffy 
coat and the red blood cell layer, so that control measures 
can be initiated to move this interface back into the 
processing chamber. This maximizes the red blood cell 
yield. 

For a buffy coat collection procedure (which will be 
described later) , the first sensor 334 detects when the 
leading edge of the buffy coat (i.e., the plasma/platelet 
interface) begins to exit the jprocessing chamber, as well as 
detects when the trailing edge of the buffy coat (i.e., the 
buffy coat / red blood cell interface) has completely exited 
the processing chamber. 

The presence of these cellular components in the 
plasma, as detected by the first sensor 334, -indicates that 
the interface is close enough to the low-G wall of the 
processing chamber to allow all or some of thesie .p 
to .be swept into the plasma collection line (see Fig. 15B) . 
This condition will also be called an «over spill.*' 

The second sensor 336 is capable of detecting the 
hematocrit of the red l>lood cells in the red blood cell 
collection tube 294 The decrease of . red biCKjd ; hematocrit 
below a set minimum level during processing; that the 
interfacie is close enough to the high-C wall of the 
processing chamber to allow plasma to enter the red blood 
cell collection tube 294 (see Fig. ISC) . This condition will 
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also be called an "under spill." 
B. The Sensing Circuit 

The sensing station 332 includes a sensing circuit 340 
(see Fig. 19) , of which the first sensor 334 and second 
sensor 336 form a part. 

The first sensor 334 includes one green light emitting 
diode (LED) 350, one red LED 352, and two photodiodes 354 
and 355- The photodiode 354 measures transmitted light, and 
the photodiode 355 measures reflected light. 

The second sensor 336 includes one red LED 356 and two 
photodiodes 358 and 360. The photodiode 3 58 measures 
transmitted light, and the photodiode 360 measures reflected 
light. 

The sensing circuit 34 0 further includes an LED driver 
component 342 . The driver component 342 includes a constant 
current source 344, coupled to the LED' s 350, 352, and 356 
of the sensors 334 and 336 . The constant current source 344 
supplies a constant current to each LED 350, 352, and 356, 
independent of temperature and the power supply voltage 
levels. The constant current source 344 thereby provides a 
constant output intensity for each LED 3 50, 352, and 356. 

The LED drive component 342 includes a modulator 346. 
The modulator 346 modulates the constant current at a 
prescribed frequency. The; mpdulation 346 removes the effects 
of ambient light and electromagnetic interference (EMI) from 
the optically sensed reading, as will be j^esicribed in 
greater detail later. 

The sensing circuit 340 also includes a receiver 
circuit 348 coupled to the photodiodes 354, 355, 358, and 
360. The receiver circuit 348 includes, for each photodiode 
354., 355, 358, and. 360, a dedicated current:- tor:voltage (I-V) 
converter 3,65 . The remainder of the receiver , circuit .348 
includes a bandpass filter. 364, a .programmable amplifier 
3.6is., and a full, wave rectifier 368. These components 364, 
366, and 368 are shared, e.g., using a multiplexer.. .. 



- 85 - 



Ambient light typically contains frequency components 
less than 1000 Hz, and EMI typically contains frequency 
components above 2 Khz. With this in mind, the modulator 346 
modulates the current at a frequency below the EMI frequency 
components, e.g., at about 2 Khz. The bandpass filter 364 
has a center frequency of about the same value, i.e., about 
2 Khz. The sensor circuit 340 eliminates frequency 
components above and below the ambient light source and EMI 
components from the sensed measurement. In this way, the 
sensing circuit 34 0 is not sensitive to ambient lighting 
conditions and EMI . 

More particularly, transmitted or reflected light from 
the tube 292 or 294 containing the fluid to be measured is 
incident on photodiodes 354 and 355 (for the txibe 292) or 
photodiodes 358 and 360 (for tube 294). Each phbtodiode 
produces a photocurrent proportional to the received light 
intensity. This current is converted to a voltage. The 
voltage is fed, via the multiplexer 370, to the bandpass 
filter 364. The bandpass filter 364 has a center frequency 
at the carrier frecjuency of the modulated source light 
(i.e., 2 Khz in the illustrated embodiment). 

The sinusoidal output of the bandpass filter 364 is 
seiit to the variable gain airqplifier 3 66. The gain of the 
amplifier is preprogrammed in preestablished steps, e.g., 
XI, X10> XlOO, and XIOOO. This pjrovides the amplifier with 
the capability to respond to a large dynamic ,r^ge . 

The sinusoidal output of the amplifier 366' is sent to 
the full wave rectifier 368, which transforms the sinusoidal 
output to a DC output voltage proportional to the 
tra:nsmitt6d light energy. 

The Gontrolleir 16 generates timing pubises for the 
sensor circuit 340; The timing pulses cdmprise, for each 
LED, (i) a modulation square wave at the desired modtilation 
frequency (i.e., 2Khz in the illustrated embodiment), (ii) 
an enable signal, (iii) two sensor select bita (which select 
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the sensor output to feed to the bandpass filter 364), and 
(iv) two bits for the receiver circuit gain selection (for 
the amplifier 366) . 

The controller 16 conditions the driver circuit 342 to 
5 operate each LED in an ON state and an OFF state. 

In the ON state, the LED enable is set HIGH, and the 
LED is illuminated for a set time interval, e.g., 100 ms. 
During the first 83.3 ms of the ON state, the finite rise 
time for the incident photodiode and receiver circuit 348 
10 are allowed to stabilize. During the final 16,7 ms of the 

ON state, the output of the circuit 34 0 is sampled at twice 
the modulation rate (i.e., 4 Khz in the illustrated 
embodiment) . The sampling interval is selected to comprises 
one complete cycle of 60 Hz, allowing the main frequency to 
15 be filtered from the measurement. The 4 Khz sampling 

frequency allows the 2 Khz ripple to be captured for later 
removal from the measurement. 

During the OFF state, the LED is left dark for 100 ms. 
The LED baseline due to ambient light and electromagnetic 
2 0 interference is recorded during the final 16.7 ms, 

1. The First Sensors Platelet / RBC 
Differentiation 
In general, cell free ("free'') plasma has a straw 
color. As the concentration of platelets in the plasma 
25 increases, the clarity of the plasma decreases . The plasma 

looks "cloudy." As the concentration of red bjpgd cells in 
the plasma increases , the plasma color turns frotn straw to 
3red. 

The sensor circuit 340 includes a detection / 
30 differentiation module 372, which analyses sensed 

attenuations of liight at two cliff erent wavelensfths from the 
finest sensor 334 . (usin^ the transmitted light sensing 
photodiode 354) . The different wavelengths are selected to 
possess generally the same optical attenuation for 
35 platelets, but significantly different optical attentuations 
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for red blood cells. 

In the illustrated embodiment, the first sensor 334 
includes an emitter 350 of light at a first wavelength ( 
Xi) , which, in the illustrated embodiment, is green light 
(570 nm and 571 nm) , The first sensor 334 also includes an 
emitter 352 of light at a second wavelength (K^ ) , which, in 
the illustrated embodiment, is red light (645 niii to 660 nm) . 

The optical attenuation for platelets at the first 
wavelength (epi^teiets^ ) and the optical attenuation for 
platelets at the second wavelength ( CpiateietA) are generally 
the same. Thus, changes in attenuation over time, as 
affected by increases or decreases in platelet 
concentration, will be similar. 

However, the optical attenuation for hemoglobin at the 
first wavelength {€Hb\ ) is about ten times greater than the 
optical attenuation for hemoglobin at the second wavelength 
(^Hb^a)- Thus, changes in attenuation over time, as affected 
by the presence of red blood cells, will not be similar. 

The tiibe 294, through which plasma to be sensed, is 
transparent to light at the first and second wavelengths. 
The tube 294 conveys the plasma flow past the first and 
second emitters 350 and 352. 

The light detector 354 receives light emitted by the 
first and second emitters 350 and 352 through the tube 294. 
The detector 354 generates signals proportional to 
intensities of received light. The intensities vary with 
optical attenuation caused by the presence of platelets 
and/or red blood cells. 

The module 372 is coupled to the light detector 354 to 
aiialyze the signals to derive int^enslties of the received 
ligfht iat the first and eelcbnd wavelengths. Tiie: module 372 
compares changes of the intensities of the first and second 
waveliengths Over time. When the intehsities of the first 
and second wavelengths change over time in sxibstantially the 
same manner, the modiile 372 generates an output representing 
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presence of platelets in the plasma flow. When the 

intensities of the first and second wavelengths change over 
time in a substantially different manner, the module 372 
generates an output representing presence of red blood cells 
in the plasma flow. The outputs therefore differentiate 
between changes in intensity attributable to changes in 
platelet concentration in the plasma flow and changes in 
intensity attributable to changes in red blood cell 
concentration in the plasma flow. 

There are various ways to implement the module 372. In 
a preferred^ embodiment, the detection / differentiation 
module 372 considers that the attenuation of a beam of 
monochromatic light of wavelength X by a plasma solution can 
be described by the modified Lambert -Beer law, as follows: 

J ^ J ^~V<fHb<^Hb^^^ptauUtsCpiateIeu^^-^<^ihuetets-^^R^ (1) 

where: 

I is transmitted light intensity. 
Iq is incident light intensity. 

€^ is the optical attenuation of hemoglobin (Hb) 
(gm/dl) at the applied wavelength. 

CpiateietB^ is the optical attenuation of platelets at the 
applied wavelength. 

Cttb is, the concentration of hemoglobin in a red blood 
cell, taken to be 34 gm/dl. 

^platelets the Concentration of plateleJts in thei 

sample, 

d is thickness of the plasma stream through the txxbe 

294. 

is the path length factor at the applied wavelength, 
which accounts for additional photon path Ijs^gth in the 
plasma sanple due to light scattering. 

H is whole blood hematocrit, which is percentage of red 
blood cells in the sample. 

Grbc^ Gpiateiets*" ^ function of the concentration 
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and scattering coefficients of, respectively, red blood 
cells and platelets at the applied wavelengths, as well as 
the measurement geometry. 

For wavelengths in the visible and near infrared 



spectrum, epiaceiete'' "^0, therefore: 



In an over spill condition (shown in Fig. IBB) , the 
first cellular component to be detected by the first sensor 
334 in the plasma collection line 294 will be platelets* 
10 Therefore, for the detection of platelets, Ln{T^) - Gpi^t^iets^. 

To detect the h>uf fy coat interface between the platelet 
layer and the red blood cell layer, the two wavelengths (X^ 
arid Xa) are chosen based upon the criteria that (i) X^ and Xj 
have approximately the same path length factor [G^) , and (ii) 
15 one wavelength X^ or a much greater optical 

attenuation for hemoglobin than the other wavelength. 

Assuming the wavelengths X^ and Xj have the same G^, 
Equation (2) reduces to: 

2 0 In the preferred embodiment, X^ = 660 nm (green) and 

= 571 nm (red) , The path length factor (G'^) for 571 nm light 
is greater than for 660 nm light. Therefore the path length 
factors have to be modified by coefficients a and p, as 
follows: : 



^plaulets platelets 
Theirefore, Equation (3) can be reexpressed as follows : 

in the absence of red blood cells/ Eiquation (3) causes 
a false red blood cell detect with increasing platelet 
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concentrations, as Equation (5) demonstrates: 

LniT'^ ) - Ln{T'^ )=(J- 1)GX.,,,, ( 5 ) 

For the detection of platelets and the interface 
between the platelet / red blood cell layer. Equation (4) 
provides a better resolution. The module 372 therefore 
applies Equation (4) . The coefficient (p-l) can be 

determined by empirically measuring G^}^,^/^^ ^^^^pLefeir in the 

desired measurement geometry for different known 

concentrations of platelets in prepared platelet -spiked 
plasma . 

The detection / differentiation module 372 also 
differentiates between intensity changes due to the presence 
of red blood cells in the plasma or the presence of free 
hemoglobin in the plasma due to hemolysis. Both 
circumstances will cause a decrease in the output of the 
transmitted light sensing photodiode 354. However, the 
output of the reflected light sensing photodiode 355 
increases in the presence of red blood cells and decreases 
in the presence of free hemoglobin. The detection / 
differentiation module 372 thus senses the undesired 
occurrence of hemolysis during blood processing, so that the 
operator can be alerted and corrective action can be taken. 

2. The Second Sensor: Packed Red Blood Cell 
Measurement 

In an under spill condition (shovm in Pi^- ISC), the 
hematocrit of red blood cells exiting the processing chamber 
18 will dramatically decrease, e.g., from a targeted 
hematocrit of about 80 to a . hematocrit of fSibput .50, as 
plasma (and the buffy coat) mixes with the red blood. cells. 
An iindeir spill cpndit:ipn is desirable during a plasma 
collection procedure, as it allows the return of the buffy 
coat to the dpnor with the red blood.. cells , TVn under spill 
condition is not desired during a red blood cell -only 
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collection procedure, as it jeopardizes the yield and 
quality of red blood cells that are collected for storage. 

In either situation, the ability to sense when an under 
spill condition exists is desireable. 
5 Photon wavelengths in the near infrared spectrum (NIR) 

(approximately 540 nm to 1000 nm) are suitable for sensing 
fed blood cells, as their intensity can be measured after 
transmission through many millimeters of blood. 

The sensor circuit 340 includes^ a red blood cell 
10 detection module 374. The detection module 374 analyses 

sensed optical transmissions of the second sensor 336 to 
discern the hematocrit and changes in the hematocrit of red 
blood cells exiting the processing chamber 18 . 

The detection module 374 considers that the attenuation 
15 of a beam of monochromatic light of wavelength X by blood 

may be described by the modified Lambert-Beer law, as 
follows : 

where: 

20 I is transmitted light intensity. 

Iq is incident light intensity. 

is the extinction coefficient of hemoglobin (Hb) 
(gm/dl) at the applied wavelength. 

Citt, is the cbncentration of hemoglobin in a red blood 
25 cell, taken to be 34 gm/dl. 

d is the distance between the light source and light 
detector. 

G'' is the path length factor at the applied wavelength, 
whidh accounts for additional photon ipath length in the 
3iO media due to light scattering. ^ i 

H is whole blood hematocrit, which is peifcentage of red 
biopd ceilei Ixtl the. sample. 

^KBc" is a fiihctioh of the hematocrit and scattering 
coefficients of red blood cells at the applied wavelengths. 
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as well as the measurement geometry. 

Given Equation (6), the optical density O.D. of the 
sample can be expressed as follows: 

Lnijx)=O.D.^-[(si,C„,H}d+Gi,c] (7) 

5 The optical density of the sample can further be 

expressed as follows: 

where : 

^ nheorption ^9 the Optical density due to absorption by 
10 red blood cells, expressed as follows: 



15 



O . D . Scattering the optical density due to scattering of 
red blood cells, expressed as follows: 



^'^'Scanmng^ O^BC ^^^^ 



From Equation (9), O , D . ^^g^j^tion increases linearly with 
hematocrit (H) . For transmittance measurements in the red 
and NIR spectrum, is generally parabolic, reaching a 

20 maximum at a hematocrit of between 50 and 75 (depending on 

illumination wavielength^ and measuremeilt geometry) and is 
zero at hematocrits of 0 and 100 (see, e.g . , Ste^tike et al , , 
**Dif fusion Model of the Optical Absorbaiice of Whole Blood," 
J. Opt. 5oc. Am., Vol 5, No. 6, June 1988). Therefore, for 

25 lig[ht transmission measurements, the measured optical 

density is a nonlinear function of hematocrit- . 

^nevertheless, it has been discovered that for 
reflected light measured at a predetermined radial distance 
from the incident light source is observed to remain linear 

3 0 for the hematocrit range of at least 10 to 90. Thus, with 
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the second sensor 336 so configured, the detection module 
can treat . the optical density of the sample for the 
reflected light to be a linear function of hematocrit. The 
same relationship exists for the first sensor 334 with 
respect to the detection of red blood cells in plasma. 

This arrangement relies upon maintaining 
straightforward measurement geometries. No mirrors or 
focusing lenses are required. The LED or photodiode need 
not be positioned at an exact angle with respect to the 
blood flow tube. No special optical cuvettes are required. 
The second sensor 336 can interface directly with the 
transparent plastic tubing 294. Similarly, the first sensor 
334 can interface directly with the transparent tubing 292. 

In the illustrated embodiment, the wavelength 8 05 nm is 
selected, as it is an isobestic wavelength for red blood 
cells, meaning that light absorption by the red blood cells 
at this wavelength is independent of oxygen saturation. 
Still, other wavelengths can be selected within the NIR 
spectrum. 

In the illustrated embodiment, for a wavelength of 805 
nm, the preferred set distance is 7.5 mm from the light 
source. The fixture 338, above described (see Fig. 18), 
facilitates the placement of the tube 294 in the desired 
relation to the light source and the reflected light 
detectoi: of the second sensor 336. The fixture 338 also 
faciiitatek th^ placement of the tube 292 in, the desired 
relation to the light Source arid the reflected light 
detector of the first sensor 334 . 

Measurements at a distance greater than 7.5 mm can be 
made and will show a greater sensitivity to changes in the 
red blood cell hematbcrit . However a Ibwer sl;pnal to noise 
ratio will be encountered at these greateir distances, 
liiki^wise, measurements at a distance clbser to the light 
source will ishow a greater signai to noise ratio, but will 
he less sensitive to changes in the red . blood cell 
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hematocrit. The optimal distance for a given wavelength in 
which a linear relationship between hematocrit and sensed 
intensity exists for a given hematocrit range can be 
empirically determined. 

The second sensor 336 detects absolute differences in 
the mean transmitted light intensity of the signal 
transmitted through the red blood cells in the red blood 
cell collection line. The detection module analyzes these 
measured absolute differences in int^ensities , along with 
increases in the standard deviation of the measured 
intensities, to reliably signal an under spill condition, as 
Fig. 20 shows. 

At a given absolute hematocrit, Grbc^ varies slightly 
from donor to donor, due to variations in the mean red blood 
cell volume and/or the refractive index difference between 
the plasma and red blood cells. Still, by measuring the 
reflected light from a sample of a given donor's blood 
having a known hematocrit, 0^^^^ may be calibrated to yield, 
for that donor, an absolute measurement of the hematocrit of 
red blood cells exiting the processing chamber. 

C. Pre-Processing Calibration of the Sensors 

The first and second sensors 334 and 336 are calibrated 
during the saline and blood prime phases of a given blood 
collection procedure, the details of which have already 
described. 

During the saline prime stage, saline is conveyed into 
the blood processing chamber 18 and out through the plasma 
collection line 292. During this time, the blood processing 
chamber 18 is rotated in cycles between 0 RPM and 200 RPM, 
until air is purged from the chamber 18. The speed of 
rotation of the processing chamber 18 is then,:l^ricireased to 
full .operational speed. 

The blood prime stage follows, during which whole blood 
is introduced into the processing chamber 18 at the desired 
whole blood flow rate (Q^) . The flow rate of plasma from 



the processing chamber through the plasma collection line 
292 is set at a fraction (e.g., 80%) of the desired plasma 
flow rate (Qp) from the processing chamber 18, to purge 
saline from the chamber 18. The purge of saline continues 
under these conditions until the first sensor 334 optically 
senses the presence of saline in the plasma collection line 
292. 

1. For Plasma Collection Procedures (Induced 
Under Spill) 

If the procedure to be performed collects plasma for 
storage (e.g., the Plasma Collection Procedure or the Red 
Blood Cell / Plasma Collection Procedure) , an under spill 
condition is induced during calibration. The under spill 
condition is created by decreasing or stopping the flow of 
plasma through the plasma collection line 292- This forces 
the buffy coat away from the low-G side of the chamber 18 (as 
Fig. 15C) to assure that a flow of **clean'' plasma exists in 
the plasma cdllectibn line 292, free or essentially free of 
platelets and leukocytes. The induced under spill allows the 
first sensor. 334 to be calibrated and normalized with respect 
to the physiologic color of the donor ' s plasma, taking into 
account the donor ' s background lipid level, but without the 
presence of platelets or leukocytes. The first sensor 334 
thereby possesses maximum sensitivity to changes brought 
about by the presence of platelets of leukocytes in the buf f y 
coat, should an over spill subsequently occur during 
processing. 

Forcing an under spill condifcipn also positions the 
interface close to /the. high-G wall at the outset of blood 
processing . This creates an initial, offset, condition on the 
high-Gf .side of the chamber > to prblong j.thie ultimate 
development of an over spill condition as l>16od processing 
proce€!dS:.:; 

• . 2. Red Bl€>od Cell: Coll:ectlbn Procedures. 
If a procedure is to be performed in which no plasma is 
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to be collected (e.g., the Double Unit Red Blood Cell 
Collection Procedure) , an under spill condition is not 
induced during the blood purge phase. This. is because, in 
a red blood cell only collection procedure, the first sensor 
5 3.34 need only detect, during an over spill, the presence of 

red blood cells in the plasma. The first sensor 334 does not 
need to be further sensitized to detect platelets. 
Fuxthermore, in a red blood cell only collection procedure, 
it may be desirable to keep the interface as near the low-G 

10 wall as possible. The desired condition allows the buf fy coat 

to.be returned to the donor with the plasma and maximizes the 
hematocrit of the red blood cells collected. 
D. Blood Cell Collection 

1* Plasma Collection Procedures 

15 In procedures where plasma is collected (e.g., the 

Plasma Collection Procedure or the Red Blood Cell / Plasma 
Collection Procedure) , Qp is set at Qpddeau* which is an 
empirically determined plasma flow rate that allows the 
system to maintain a steady state collection condition, with 

20 no underspills and no Overspills. 

Qpddeai) (in grams/ral) is a functidn of the anticogulated 
whole blood inlet flow rate Q^^f the anticoagulant whole 
blood inlet hematocrit UCT^^, and the red blood cell exit 
-hematocrit HCTrbcC^s estimated or measured) , es^ressed as 

25: follows:. 

where : 

Ppiasma the density of plasma (in g/inl) = 1.03 
p»re is the dehsity of whole blood (in g/ml) = 1.05 
30 is the denisity of red blood cells = SI ; 08 

Qhb is set to the dbsixred whole blood inlet flow rate 
for plasma eollectibn, which, f or a /jplasma only cbllectipn 
procedure, is generally about 70 ml/iiiin. For a red blood 
cell / plasma collection procedurie. Qua is set at about 50 



ml/min, thereby providing packed red blood cells with a 
higher hematocrit than in a traditional plasma collection 
procedure. 

The system controller 16 maintains the pump settings 
until the desired plasma collection volume is achieved, 
unless an under spill condition or an over spill condition 
is detected. 

I€ set. Qp is too high for the actual blood separation 
conditions, or, if due to the physiology of the donor, the 
buffy coat volume is larger (i-e. , '^thicker" ) than expected, 
the first sensor 334 will detect the presence of platelets 
or leukocytes, or both in the plasma, indicating an over 
spill condition. 

In response to an over spill condition caused by a high 
Qp, the system : controller 16 terminates operation of the 
plasma collection pump PP2, while keepting set unchanged. 
In response to an over spill condition caused by a high 
volume buffy coat, the system controller 16 terminates 
operation of the plasma collection pump PP2, until an under 
spill condition is detected by the red blood cell sensor 336 . 
This serves to bxpel the buffy coat layer from the separation 
chamber through the red blood cell tube 294. 

To carry out the over spill response, the blood 
processing circuit 46 is programmed to operate the in-process 
pump PPl (i.e., drawing in through the valve V9 and expelling 
out of the valve V14) > to draw whole blood frpm the in- 
process container 312 into the processing chaiTd>er 18 at the 
set .QijB. Red blood cells exit the chamber 18 through the tube 
294 for collection in the qpXlection container 308. The flow 
rate of red bXpod cell^^, directly depends upon the magnitude 

■ of , . • • ■ \ . _ . . 

During this time, the blood processing- circuit 46 is 
al^Q prpgirammedi to cease ppef at ion of the plasma, piimp PP2 for 
a preegtablished tiitte per:i^ (e.g; , 20 seconds) . This forcies 
the: interface back toward the middle of the sepat-atibn 
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15 



20 



25 



30 



chamber. After the preestablished time period, the operation 
of the plasma pump PP2 is resumed, but at a low flow rate 
(e.g. , 10 ml/min) for a short time period (e.g. , 10 seconds) . 
If the spill has been corrected, clean plasma will be 
detected by the first sensor 334, and normal operation of the 
blood processing circuit 46 is resumed. If clean plasma is 
not sensed, indicating that the over spill has not been 
corrected, the blood processing circuit 46 repeats the above- 
described secjuence. 

The programming of the circuit to relieve an over spill 
condition. is summarized in the following table. 

TABLE 

Programming of Blood Processing Circuit To Relive an Over 

Spill Condition 
(Plasma Collection Procedures) 



VI 


o 


V2 


O • 


V3 


o 


V4 


o 


V5 


o . 


V6 


o 


y? 


o 


ve 


o 


' V9 


o/o Pump In 


VIO 


o ■ 


Vll 


o ■ ■ • ■ • 


V12 




, VX3 


'o 


V14 


o/o puigp Out 


V15 


o 




o * • ■ 


. yi.7 


o "•*..*■ 


vie 


o 
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V19 


o 


V20 


o 


V21 


o 


V22 


o 


V23 


o 


PPl 


□ 


PP2 




PP3 


□ 


PP4 





Caption: o denotes an open valve; o denotes a closed valve; 
o/o denotes a valve opening and closing during a pumping 
sequence; □ denotes an idle pump station (not in use) ; and 
O denotes a pun^ station in use. 

Upon correction of an over spill condition, the 
controller 16 returns the blood processing circuit 46 to 
resume normal blood processing, but applies a percent 
reduction factor (%RF) to the Qp set at the time the over 
spill condition was initially sensed. The reduction factor 
(%RF) is a function of the time between over spills, i.e., 
%RF increases as the frequency of over spills increases, and 
vice versa. 

If set Qp is too low, the second sensor 336 will detect 
a decrease in the red blood cell hematocrit below a set 
level, which indicates an under spill condition. 

in response to an undier spill conditidn,/i'^%he system 
controller 16 resets Qp close to the set Q^. As processing 
continues, the interface will, in time, move back toward the 
low^G wall. The controller 16 maintains these settings until 
the second sensor 336 detects a red blood cell hematocrit 
above the desired set level. At this time, the controller 16 
applies a percent enlargement factor {%EF) to the Qp set at 
the time the under spill condition was initially sensed. The 
enlargement factor (%EF) is a function of the time between 



wo 01/18396 



PCTAJSOO/24767 



- 100 - 

under spills, i.e., %EF increases as the frequency of under 
spills increases. 

Should the controller 16 be unable to correct a given 
under or over spill condition after multiple attempts (e.g. , 
5 three attempts) , an alarm is commanded, 

2. Red Blood Cell Only Collection Procedures 
In procedures where only red blood cells and no plasma 
is collected (e.g. , the Double Unit Red Blood Cell Collection 
Procedure), Qp is set to no greater than Qpddeai) * Qwb is 

1,0 set to the desired whole blood inlet flow rate into the 

processing chamber 18 for the procedure, which is generally 
about 50 ml/min for a double \init red blood cell collection 
procedure. 

It may be desired during a double unit red blood cell 
15 collection procedure that over spills occur frequently. This 

maximizes the hematocrit of the red blood cells for 
collection and returns the buffy coat to the donor with the 
plasma. Qp is increased over time if over spills occur at 
less than a set frequency. Likewise, Qp is decreased over. 
20 time if over spills occur above the set frequency . However / 

to avoid an undesirably high hematocrit, it may be just as 
desirable to operate at Qpudeai) • 

The system controller 16 controls the pump settings in 
this way until the desired red blood cell collection volume 
25 is achieved, taking care of under spills or over spills as 

they occur. 

The first sensor 334 detects an over sF>ill by the 
presence of red blood cells in the plasma. In response tb an 
over spill condition, the system controller 16 terminates 
.30 operation of the plasma Gollection pump to draw, plasma from 

the pirocessihg chamber, while keeping the set:.,Q,fB ^^^^^9^^* 
To implemient the over spill respohise, the blbod 
processing circuit 46 is programmed (through the selective 
aipplication of pressure to the valves and pump stations} to 
35 operate the plasma pump PP2 and in-process pump PPl in the 



manner set forth in the immediately preceding Table. The red 
blood cells detected in the tube 292 are thereby returned to 
the processing chamber 18, and are thereby prevented from 
entering the plasma collection container 304. 

The interface will, in time, move back toward the high- 
Gwall. The controller 16 maintains these settingis until the 
second sensor 336 detects a decrease in the red blood cell 
hematocrit below a set level, which indicates an under spill 
condition. 

In response to an under spill condition, the system 
controller 16 increases Qp until the second sensor 336 
detects a red blood cell hematocrit above the desired set 
level. At this time, the controller 16 resets Qp to the value 
at the time the most recent overspill condition was sensed. 
3 . Buf £y Coat Collection 

If desired, an over spill condition can be periodically 
induced during a given plasma collection procedure to collect 
the buf fy coat in a buffy coat collection container 376 (see 
Fig. 10) . As Fig- 10 shows, in the illustrated embodiment, 
the buffy coat collection container 376 is coupled by tubing 
378 to the buffy port,P4 of the cassette 28. The buffy coat 
collection container 376 is suspended on a weigh scale 246, 
which provides output reflecting weight changes over time, 
from which the controller 16 derives the volume of buf fy coat 
epllected. 

In this : arrangement, when the inducecj^; , over spill 
condition is detected, the blood processing cii^cuit 46 is 
programmed (through tlie selective application of pressure to 
the valves and pump stations) to operate the. plasma pump PP2 
(i.e. , drawing in through valve VI 2 and esqpelling out through 
valye. VIO) , to draw plasma from the processing chamber 18 
through the tube 378, while valves V4 and ve aare closed and 
valve V8 is opened. The buffy coat in . the tube 378 is 
conveyed into the buf fy coat collection container 376* The 
blood processing, circuit 4.6 is also programmed during this 
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time to operate the in-process pump PPl (i.e., drawing in 
through the valve V9 and expelling out of the valve V14) / to 
draw whole blood from the in-process container 312 into the 
processing chamber 18 at the set Q„b- Red blood cells exit 
5 the chamber 18 through the tube 294 for collection in the 

collection container 308. 

The programming of the circuit to relieve an over spill 
condition by collecting the buffy coat in the buffy coat 
collection container 376 is summarized in the following 
10 table - 

, TABLE 



Programming of Blood Processing Circuit To Relive an Over 
Spill Condition by Collecting the Buffy Coat 
(Plasma Collection Procedures) 



30 



VI 


O 


V2 


O 


V3 


o 


V4 


O 


VS 


o 


V6 


o 


V7 


o 


V8 


o . 


V9 


o/o puinp In 


VI 0 


o/o Pump Out 


Vll 


•0-" • ■ • . ' ' 


V12 


o/o Pump in . ;;.;y^ ;' • 


V13 


o 


V14 


o/o Purrp Out 


■V15.-' 


o 


V16 : 


o . ■'*'.. 


V17 


o . 


V18 


o 


V19 


o . ■ . . , , 
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V20 


o 


V21 


o 


V22 


o 


V23 


o 


PPI 


□ 


PP2 


O 


PP3 


a . 


PP4 


o 



10 Caption: o denotes an open valve; o denotes a closed valve; 

o/o denotes a valve opening and closing during a pumping 
sequence; □ denotes an idle pump station (not in use); and 
O denotes a pump station in use. 

After a prescribed volume of buf fy coat is conveyed 

15 into the buffy coat collection container 376 (as monitored 

by the weigh scale 246), normal blood processing conditions 
are resumed. Over spill conditions causing the movement of 
the buffy coat into the tube 37 8 can be induced at prescribed 
intervals during the process period, until a desired buffy 

20 coat volume is collected in the buffy coat collection 

container. 

VI. Another Programmable Blood Processing Circuit 
A. Circuit Sclxeniatic 

As previously mentioned, various configurations for the 
25 programmable blood processing circuit 46 are possible. Fig. 

.5 schematically shows . one representative confifpiratibn 46, 
the programmable features of which have been described . Fig . 
34 shows another representative configuration of a blood 
processing circuit 46 ■ having conparable programinable 
30 features . 

Like the circuit 4 6, the circuit 46* includes several 
pump stations PP(N) , which are interconnected by a pattern 
Qf fluid flow pa the P (N) through 9in array of in line valves 
Y(N) . The circuit is coupled to the remainder of the blood 
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processing set by ports P(N). 

The circuit 46* includes a programmable network of flow 
paths Fl to F33. The circuit 46' includes eleven, universal 
ports PI to P8 and Pll to P13 and four universal pump 
stations PPl, PP2, PP3 , and .PP4 . By selective operation of 
the in line valves VI to V21 and V23 to V25, any universal 
port PI to P8 and Pll to P13 can be placed in flow 
communication with any universal pump station PPl, PP2, PP3, 
and PP4. By selective operation of the universal valves, 
fluid flow can be directed through any universal pump station 
in a forward direction or reverse direction between two 
valves, or an in-put direction through a single valve. 

In the illustrated embodiment, the circuit 46* also 
includes an isolated flow path (comprising flow paths F9, 
F23, F24, and FIO) with two ports P9 and PIO and one in line 
pump station PP5. The flow path is termed **isolatedv" because 
it cannot be placed into direct flow communication with any 
other flow path in the circuit 46' without exterior tiabing. 
By selective operation of the in line valves V21 and V22, 
fluid flow can be directed through the pump station PP5 in 
a forward direction or reverse direction between two valves, 
or an in-out. direction through a single, valve. 

Like circuit 46, the circuit 46* can be programmed to 
assigned dedicated pumping functions to the various pump 
stations. In a preferrred embodiment, the universal pump 
stations PP3 and PP4 in tandem serve as a general purpose , 
donor interface pump, regardless of the particular blood 
procedure performed- The dual donor interface piJimp stations 
PP3 and PP4 in . the circuit 46 • work in parallel. One pump 
station; draws fluid into. its pump chamber , while the other 
pump station is expels fluid from its pump char^^r . The pump 
station l>P3 and PP4 alternate draw and expel functions. 

In a preferred arrangement, the draw, cycle . for the 
. drawing pump station is timed to be longer, than the expel 
cycle for the. expelling pump station. This provides a 
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continuous flow of fluid on the inlet side of the pump 
stations and a pulsatile flow in the outlet side of the pump 
stations. In one representative embodiment, the draw cycle 
is ten seconds, and the expel cycle is one second. The 
expelling pump station performs its one second cycle at the 
beginning of the draw cycle of the drawing pump, and then 
rests for the remaining nine seconds of the draw cycle. The 
pump stations then switch draw and expel functions. This 
creates a continuous inlet flow and a pulsatile outlet flow. 
The provision of two alternating pump stations PP3 and PP4 
serves to reduce overall processing time, as fluid is 
continuously conducted into a drawing pump station through 
out the procedure , 

In this arrangement, the isolated pump station PP5 of 
the circuit 46' serves as a dedicated anticoagulant pump, 
like pump station PP4 in the circuit 46, to draw 
anticoagulant from a source through the port PIO and to meter 
anticoagulant into the blood through port P9. 

In this arrangement, as in the circuit 46, the 
universal pump station PPl serves, regardless of the 
particular blood processing procedure performed, as a 
dedicated in^process whole blood pump, to convey whole blood 
into the blood separator. As in the circuit 46, the dedicated 
function of the pump station PPl frees the donor interface 
pumps PP3 and PP4 from the added function of supplying whole 
blood to the blood separator . Thus, the in-prpcess. whole 
blood pump PPl can maintain a continuous supply bf bipod to 
the blood separator, while the donor interface pumps PP3 and 
PP4 operate in tandem to simultaneouisly draw and return blood 
to the donor through the single phlebotomy neiedle. The 
icircuit 46' thuis minimizes processing time. 

In thia arrangement ^ as in circuit 46; the universal 
piimp station PP2 of the circuit 46* serves, regardless of the 
particular blood processing procedure performed, as a plasma 
pump, tb convey plasma from the blood separator. As in the 
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circuit 46, the ability to dedicate separate pumping 
functions in the circuit 46 • provides a continuous flow of 
blood into and out of the separator, as well as to and from 
the donor. 

5 The circuit 46' can be programmed to perform all the 

different procedures described above for the circuit 46. 
Depending . upon the objectives of the particular blood 
processing procedure, the. circuit 46' can be programmed to 
retain all or some of the plasma for storage or fractionation 

10 purposes, or to return all or some of the plasma to the 

donor. The circuit 46* can be further programmed, depending 
upon the objectives of the particular blood processing 
procedure, to retain all or some of the red blood cells for 
storage, or to return all or some of the red blood cells to 

15 the donor. The circuit 46' can also be programmed, depending 

upon the objectives of the particular blood processing 
procedure, to retain all or some of the buffy coat for 
storage, or to return all or some of the buffy coat to the 
donor . 

20 In a preferred embodiment (see Fig. 34) , the circuit 

46' forms a part of a universal set 264', which is coupled 
to the ports PI to P13 . 

More particularly, a donor tube 266' , with attached 
phlebotomy needle 268' is coupled to the port P8 of the 

25 circuit 46'. An anticoagulant tube 270', coupled to the 

phlebotomy needle 268 * is coupled to port P9., . A container 
276' holding anticoagulant is coupled via a tube 274' to the 
port PIO.. 

A container 280* holding a red blood cell additive 
30 solution is coupled via a tube 278' to the port P3i A 

container 288 • holding saline is coupled via a tube 284' to 
the pft>rt P12 . A storage container 289' Is coupled via a tube 
291' to the port P13. An in-line leukocyte depletion filter 
293 • is carried by the tube 291' between the port P13 and the 
35 istorage container 289' . The containers 276' , 280 • , 288 • , and 
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289' can be integrally attached to the ports or can be 
attached at the time of use through a suitable sterile 
connection, to thereby maintain a sterile, closed blood 
processing environment. 
5 Tubes 290' , 292' , and 294 ' , extend to an umbilicus 296' 

which is coupled to the processing chamber 18' . The tubes 
290', 292', and 294 are coupled, riespectively , to the ports 
P5, P6, and P7 . The tvibe 290' conveys whole blood into the 
processing chamber 18 under the operation of the in-process 

10 pump station PPl . The tube 292' conveys plasma from the 

processing chamber 18' under the operation of the plasma pump 
chamber PP2 . The tube 294' conveys red blood cells from 
processing chamber 18*. . 

A plasma collection container 304' is coupled by a tube 

15 302' to the port P3 . The collection container 304' is 

intended, in use, to serve as a reservoir for plasma during 
processing. 

A red blood cell collection container 308' is coupled 
by a tube 306* to the port P2 . The collection container 308' 
20 is intended, in use, to receive a unit of red blood cells for 

storage . 

A buffy coat collection container 376' is coupled by a 
tube 377' to the port P4 . The container 376 ' is intended, 
in use, to receive a volume of buffy coat for storage. 
25 A Whole blood reservoir 312 ' is coupled by a tube 310' 

to the port PI. The collection container 312 ' ;yi^ intende 
in use, to receive whole blood during operation 'of the donor 
interface pumps PP3 and PP4 , to sexrye as a reservoir for 
whole blood, during processing. It can also serve to receive 
30 . a second unit of red blood cells foar storage. 

• B-. . The Cassette " . " - 
As Figs. .35 and 36 show, the pirogrartimable fluid circuit 
46 » can be implemented as an injectic^h molded, pneumatically 
controlled cassette 28 ' . The cassette 28 V interacts with the 
35 pneumatic pump andi valve station 30; as previously described. 
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to provide the same centralized, programmable, integrated 
platform as the cassette 28. 

Fig. 35 and 36 show the cassette 28* in which the fluid 
circuit 46' (schematically shown in Fig. 34) is implemented. 
As previously described for the cassette 28, an array of 
interior wells, cavities, and channels are formed on both the 
front and back sides 190 • and 192' of the cassette body 188' , 
to define the pump stations PPl to PP5, valve stations Vl to 
V25, and flow paths Fl to F33 shown schematically in Fig. 34. 
In Fig. 36, the flow paths Fl to F33, are shaded to 
facilitate their viewing. Flexible diaphragms 194' and 196' 
overlay the front and back sides 190' and 192' of the 
cassette body 188 ' , resting against the upstanding peripheral 
edges surrounding the pump stations PPl to PP5, valves VI to 
V25, and flow paths Fl to F33 . The pre-raolded ports PI to P13 
extend out along two side edges of the cassette body 188'. 

The cassette 28.' is vertically mounted for use in the 
pump and valve station 30 in the same fashion shown in Fig. 
2. In this orientation (which Fog. 36 shows), the side 192' 
faces outward, ports P8 to Pi3 face, downward, and the ports 
PI to P7 are vertically stacked one above the other and face 
inward. 

As previously described, localized appilication by the 
pump and valve station 30 of positive and negative fluid 
pressures upon the diaphragm 194* serves to flex the 
diaphragm to close and open the valve stations iVl to V 25 or 
to expel and drkw liquid out of the putnp stations PPl to PP5. 

An additional interior cavity 200' is provided ih the 
back side 192' of the cassette body 188 • . The cavity 200' 
forms a station that holds a blood filter material to remove 
crlots and cellular aggregations that can £oz:ii^. ^uring blpcki 
processing. As shown schematically in Fig. . 34, the cavity 
200 » is placed in the circuit: 46' between the port P8 and the 
donor interface pun^ stations PP3 and PP4, so that blood 
retuimed to the donor passes through the filter. Return blood 
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flow enters the cavity 200' through flow path F27 and exits 
the cavity 200' through flow path F8 . The cavity 200 • also 
serves to trap air in the flow path to and from the donor. 
Another interior cavity 201' (see Fig. 35) is also 
5 provided in the back side 192' of the cassette body 188'. 

The cavity 201' is placed in the circuit 46' between the port 
P5 and the valve V16 of the in-process pumping station PPl, 
Blood enters the cavity 201' from flow path F16 through 
opening 203' and exits the cavity 201' into flow path F5 

10 through opening 205' The cavity 201' serves as another air 

trap within the cassette body 188* in the flow path serving 
the separation chamber 26'. The cavity 201' also serves as 
a capacitor to dampen the pulsatile pump strokes of the in^ 
process pump PPl serving the separation chamber . 

15 C« Associated Pneumatic Manifold Assembly 

Fig. 43 shows a pneumatic manifold assembly 226' that 
can be used in association with the cassette 28* , to supply 
positive and. negative pneumatic pressures to convey fluid 
through the cassette 28'. The front side 194' of the 

20 diaphragm is held in intimate engagement against the manifold 

assembly 226' when the door 32 of the pump station 20 is 
closed and bladder 314 inflated. The manifold assembly 226 ' , 
under the control of the controller 16/ selectively 
distributes the different pressure and vacuum levels to the 

25 pump and valve actuators PA (N) and VACN) of the cassette 28 * . 

These levels of pressure and vacuum are systematically 
applied to the cassette 28' , to route blood arid processing 
liquids. Under the control of a controller 16/ the manifold 
assembly 226 also distributes pressure levels to the door 

30 bladder 314 (already described)^ as well as to a donor 

pressure cuff (also already described): and. to. ^ donor line 
occluder 320 (also already described) ; The manifold asisembly 
226' ..for the cassette 28' shown in Fig. 43 shares many 
attributes with the manifold assembly 226 previously 

35 desclribed; for the Cassette 28/ as shown in Fig. 12. 
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Like the manifold assembly 226, the manifold assembly 
226' is coupled to a pneumatic pressure source 234*, which 
is carried inside the lid 4 0 behind the manifold assembly 
226' . As in manifold assembly 226, the pressure source 234* 
for the manifold assembly 226 comprises two compressors CI* 
and C2' , although one or several dual-head compressors could 
be used as well. Compressor CI supplies negative pressure 
through the manifold 226* to the cassette 28'. The other 
compressor C2 • supplies positive pressure through the 
manifold 226V to the cassette 28. 

As Fig. 43 shows, the manifold 226* contains five purnp 
actuators PAl to PA4 and twenty-five valve actuators VAl to 
VA25. The pump actuators PAl to PAS and the valve actuators 
VAl to VA25 are mutually oriented to form a mirror image of 
the pump stations PPl to PP5 and valve stations VI to V25 oil 
the front side 190' of the cassette 28* . 

Like the manifold assembly 226, the manifold assenibly 
226* shown in Fig. 43 includes an array of solenoid actuated 
pneumatic valves, which are coupled in-line with the pump and 
valve actuators PAl to PAS and VAl to VA25. 

Like the manifold assembly 226, the mainifold assembly 
226/ maintains several different pressure and vacuum 
conditions, under the control of the controller 16 , 

As previously described in connection with the manif old 
assembly 226, Phard, or Hard Pressure, and Pihpr, or 
In- Process Pressure are high positive pressure^ ,(,e .g. , + 500 
mmHg) maintained by. the manifold assembly 226' 'for closing 
the cassette val.veis VI to V25 and to drive th^ expression of 
liquid from the .in-'process pump PPl and the plasma pump PP-2. 
As. before explained/, the magnitude of Plnpr must- be 
sufficient t'o: Overcome a minimum pressure of ..approxitnately 
300 mm Hg, which is typically present within -th^ processing 
chamber 10 . Pinpr and Phard . are operated at the highest 
pressure to ensure that upstream and downstream valves used 
in conjunction with pumping are not forced opened by the 
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pressures applied to operate the pumps. 

Pgen, or General Pressure (+ 300 nunHg) , is applied to 
drive the expression of liquid from the donor interface pumps 
PP3 and PP4 and the anticoagulant pump PP5 . 

Vhard, or Hard Vacuum (-350 mmHg) , is the deepest 
vacuum applied in the manifold assembly 226' to open cassette 
valves VI to V25. Vgen, or General Vacuum (-300 mmHg) , is 
applied to drive the draw fxinction of each of the pumps PPl 
to PP5 . Vgen is required to be less extreme than Vhard, to 
ensure that pumps PPl to PP5 do not overwhelm upstream and 
downstream cassette valves VI to V25 . 

A main hard pressure line 322* and a main vacuum line 
324 • distribute Phard and Vhard in the manifold assembly 324 . 
The pressure and vacuum sources 234 » run. „ continuously to 
15 supply Phard to the hard pressure line 322' and Vhard to the 

hard vacuum line 324 » . A pressure sensor S2 monitors Phard 
in the hard pressure line 322'. The sensor S2 opens and 
closes the solenoid 38 to build Phard up to its maximum set 
value. 

20 Similarly, a. pressure sensor S6 in the hard vacuum line 

324' monitors Vhard. The sensor S6 : controls a solenoid 43 
to maintain Vhard as its maximum value . 

A general pressure line 326' branches from the hard 
pressure line 322 ' . A sensor S4 in the general pressure line 

25 326' monitors Pgen. The sensor S2 controls a solenoid 34 to 

maintain Pgen within. its specified pressure range, 

: A general vacuum line 330' branches ffbm the hard 
vacuum line 324' . A sensor S5 monitoirs Vgen in the general 
vacuum line 330,' . The sensor S5 controls a solenoid 45 to 

30 keep Vgen within its specified vacuum range. 

In-line reservoirs Rl to R4 are provided : iii -^he hard 
prefifsuire line 322, the general pressure line-326', the hard 
vaGuum line 324 • ; and the general Vacuum line 330' . The 
reservoirs Rl to R4 assure that the constant pressure and 

35 vacuum adjustments as above described are smooth and 
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predictable. 

The solenoids 32 and 4 3 provide a vent for the 
pressures and vacuums, respectively, upon procedure 
completion. 

5 The solenoids 41, 2, 46, arid 47 provide the capability 

to isolate the reservoirs Rl to R4 from the air lines that 
supply vacuum and pressure to the pump and valve actuators. 
This provides for much quicker pressure /vacuum decay 
feedback, so that testing of cassette/manifold assembly seal 
10. integrity can be accomplished. 

The solenoids 1 to 25 provide Phard or Vhard to drive 
the valve actuators VAl to V25. The solenoids 27 and 28 
provide Pinpr and Vgen to drive the in-process and plasma 
pumps PPl and PP2. The solenoids 30 and 31 provide Pgen and 
15 Vgen to drive the donor interface pumps actuators PA3 iand 

PA4 . The solenoid 29 provides Pgen and Vgen to drive the AC 
pump actuator PP5. 

The solenoid 35 provides isolation of the door bladder 
314 from the hard pressure line 322' during the procedure. 
20 A sensor SI monitors Pdoor and control the solenoid 35 to 

keep the pressure within its specified range. 

The solenoid 4 0 provides Phard to open the safety 
occluder valve 320* . Any error modes that might endanger the 
donor will relax (vent) the solenoid 40 to close the occluder 
25 „ 320 * and isolate the donor. Similarly, any loss of power will 

relax the solenoid 4 0 and isolate the dpnoir. 

Thei sensor S3 monitors Pcuff and communicates with 
solenoids 36. (for increases. in pressure.) and solenoid 37 (for 
venting) to maintain the donor cuff within its specified 
30 ranges during tlie procedure. 

As before explained/ any solenoid can b.e .operated iii 
•fnormally open" .mode or can be re-arouted pneumatically to be 
operated in a "normally closed" mode, and vice versa. 
Da Exenplairy Pumping Functiozis 
35 Based upon the foregoing description of the programming 
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of the fluid circuit 4 6 implemented by the cassette 28, one 
can likewise program the fluid circuit 46' implemented by the 
cassette 28' to perform all the various blood process 
functions already described. Certain pumping functions for 
5 the fluid circuit 46', common to various blood processing 

procedures, will be described by way of example. 

1. Whole Blood Flow To the In-Process Container 
In a first phase of a given blood collection cycle, the 
blood processing circuit 46' is programmed (through the 

10 selective application of pressure to the valves and pump 

stations of the cassette 28 » ) to jointly operate the donor 
interface pumps PP3 and PP4 to transfer anticoagulated whole 
blood into the in-process container 312' prior to separation. 
In a first phase (see Fig. 37A) , the pump PP3 is 

15 operated in a ten second draw cycle (i.e., in through valves 

V12 and V13 , with valves V6, V14 , V18, and V15 closed) in 
tandem with the anticoagulant pump PP5 (i.e., in through 
valve V22 and out through valve V21) to draw anticoagulated 
blood through the donor tube 270 into the pump PP3 . At the 

2 0 same time, the donor interface pump PP4' is operated in a one 

second expel cycle to expel (out through valve V7) 
anticoagulant blood from its chamber into the process 
container 312 • through flow paths F20 and Fl (through opened 
valve V4) . 

25 At the end of the draw cycle for pump PP3 (see Fig. 

37B) , the bipod processing circuit 46* is j>rogranimed to 
operate the donor interface pump PP4 ih a tW second draw 
cycle (i.e. , in through valves V12 and V14v with Valves V13, 
Via , and VI 8 closed) in tandem with the anticoagulant pump 

30 PP5 to draw anticoagulated blood through the donor tube 270 

into the. pump PP4.» At the -same time/ thie dbnor inte^^ pump 
PP3 is operated in a one second expel cycle> to expel (out 
through valve V6) anticoagulant blood from its chamber into 
the process container 312 » through the- flow pa:t:hs F20:and Fl 

35 < through opened valve V4) i 
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These alternating cycles continue until an incremental 
volume of anticoagulated whole blood enters the in process 
container 312', as monitored by a weigh sensor. As Fig. 37C 
shows, the blood processing circuit 46' is programmed to 
operate the in-process pump station PPl (i.e., in through 
valve VI and out through valve V16) and the plasma pump PP2 
(i.e., in through valve V17 and out through valve Vll, with 
valve V9 opened and valve VI O closed) to convey 
anticoagulated whole blood from the in-process container 312 
into the processing chamber 18* for separation, while 
removing plasma into the plasma container 304 (through opened 
valve V9) and red blood cells into the red blood cell 
container 3 08 (through open valve V2) , in the manner 
previously described with respect to the circuit 46. This 
phase continues until an incremental volume of plasma is 
collected in the plasma collection container 3 04 (as 
monitored by the weigh sensor) or until a targeted volume of 
red blood cells is collected in the red blood cell collection 
container (as monitored by the weigh sensor) . The donor- 
interface pumps PP3 and PP4 toggle to perform alternating 
draw and expel cycles as necessary to keep the volume of 
anticoagulated whole blood in the in-process container 312' 
between prescribed minimum and maximum levels, as blood 
processing proceeds . 

2. Red Blood Cell Return with Xn-Ii±ne Addition 
o£ Saline 

When it is desired to return red blood cells to thie 
donor (see Fig. 37P) , the bipod processing circuit 46' is 
programmed to operate the donor interface pump station PP3 
in a teii sjecond draw. cycle;(i .e. , in through valve V6, with 
valves Vi 3 and V7 closed) to draw red blobd cells from the 
red blood cell contaj.ner 308 » into the putu^ PP3 (through open 
valves V2, V3, and Y5, valve VIO being closed) . At the same 
time, the dpnor interface pump PP4 is . operated in a one 
second expel cycle to expel (out through valves V14 and V18, 
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with valves V12 and V21 closed) red blood cells from its 
chamber to the donor through the filter cavity 200 », 

At the end of the draw cycle for pump PP3 (see Fig. 
37E) , the blood processing circuit 46' is programmed to 
5 operate the donor interface pump PP4 in a ten second draw 

cycle (i.e., in through valve VI, with valves V6 and Vi4 
closed) to draw red blood cells from the red blood ceil 
container 308' into the pump PP4 . At the same time, the donor 
interface pump PP3 is operated in a one second expel cycle 
10 to expel (out through valves V13 and V18, with valve V12 

closed) red blood cells from its chamber to the donor through 
the filter chamber 200*. These alternating cycles continue 
until a desired volume of red blood cells are returned to the 
donor. 

15 Simultaneously, valves V24 , V20, and VB are opened, so 

that the drawing pump station PP3 or PP4 also draws saline 
from, the saline container 288 ' for mixing with red blood 
cells drawn into the chamber. As before explained, the in 
line mixing of saline with the red blood cells raises the 

20 saline temperature and improves donor comfort, while also 

lowering the hematocrit of the red blood cells. 

Simultaneously, the in -process pum^p PPl is operated 
(i.e. , in through valve VI and out through valve VI 6) and the 
plasma pump PP2 (i.e., in through valve VI 7 and out through 

25 valve Vll, with valve V9 open) to convey anticoagulated whole 

blood from the in-process container 312 into tbe. processing 
chamber for separation, while removing plasma into the plasma 
container 304, in. the manner previously described with 
respect to the fluid: circuit 46. 

30 3« In^ Line Addition bf Red Blood Cell Additive 

-Solution jvi- - ■' 

In a blood, processing- i)r6cedur^ wheire red blbod cells 
aire collected for storage (e.g., the Double Red Blood Cell 
Collection Procedure or the Red Blood Cell and Plasma 

35 Collection Procedure) the cinrcuit 46' is programmed to 
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operate the donor interface piimp station PP3 in a ten second 
draw cycle (in through valves V15 and V13, with valve V23 
opened and valves V8 , V12 and VI 8 closed) to draw red blood 
cell storage solution from the container 280* into the pump 
PP3 {see Fig. 38A) . Simultaneously, the circuit 46' is 
programmed to operate the donor interface pump station PP4 
in a one second expel cycle (out through valve V7, with valves 
V14 and V18 closed) to expel red blood cell storage solution 
to the container(s) where red blood cells reside (e.g., the 
in-process container 312 (through open valve V4) or the red 
blood cell collection container 308 ' (through open valves V5, 
V3, and V2, with valve VI 0 closed) . 

At the end of the draw cycle for pump PP3 (see Fig. 
38B) , the blood processing circuit 46* is programmed to 
operate the donor interface pump PP4 in a ten second draw 
cycle (i.e., in through valve V14, with valves V7 , V18, V12, 
and V13 closed) to draw red blood cell st;orage solution from 
the container 280 • into the pump PP4 . At the same time, the 
donor interface pump PP3 is operated in a one second expel 
cycle to expel (out through valve V6, with valves V13 and V12 
closed) red blood cell storage solution to the container (s) 
where red. blood cells reside. These alternating cycles 
continue until a desired volume of red blood cell storage 
solution is added to the red blood cells. 

4. In-Iiine Leukocyte Depletion 

Circuit 46' provides the capability to conduct on-line 
depletion of leukocytes from collected red blood cells. In 
this mode (see Fig. 39A), the circuit 46 » is programmed to 
operate the donor interface pump station PP3 in. a ten second 
draw cycle-tin through valve V6-, with valves .V13 and V12 
closed) to draw red blood cells from -the. Container Cs where 
red blood cells reside (e.g. , the inVprocess' container 312' 
(through open valve V4.) or the red blood cell collection 
container 3 08 ( thiifough open valves V5, V3 , and V2, with valve 
VIO closed) into^ the pump. PP3 . Simultaneously, the circuit 46 • 



is progranuned to operate the donor interface pump station PP4 
in a one second expel cycle (out through valve V14 , with 
valves V18 and V8 closed and valves V15 and V25 opened) to 
expel red blood cells through tube 291' through the in-line 
leukocyte depletion filter 293* to the leukocyte-depleted red 
blood cell storage container 289*. 

At the end of the draw cycle for pump PP3 (see Fig, 
39B) , the blood processing circuit 46' is programmed to 
operate the donor interface pump PP4 in a ten second draw 
cycle (i.e., in through valve V7, with valves V14 and Vis 
closed) to draw red blood cells from the container 312* or 
3 08' into the pump PP4 . At the same time, the donor interface 
pump PP3 is operated in a one second expel cycle to expel 
(out through valve V13, with valve V12 closed and valves V15 
and V25 opened) red blood cells through tube 291 • through the 
in-line leukocyte depletion filter 293' to the leukocyte- 
depleted red blood cell storage container 289'. These 
alternating cycles continue until a desired volume of red 
blood cells are transfered through the; filter 293 into the 
container 289 ' . 

5. Staged Buffy Coat Harvesting 
In circuit 46 (see Fig. 5) v buffy coat is collected 
through port P4, which is served by flow line F4, which 
branches from flow line F26, which conveys plasma from the 
plasma pump station PP2 to the plasma collection container 
304 (also see Fig. 10). In the circuit 46' Csee Fig. 34) , 
the buffy coat is collected through the port P4 from the flow 
path F6 as controlled by valve V19. The buffy coat 
•collection path bypasses the plasma puit^ station PP2, keeping 
the plasma pump station PP2 free of exposure t:d the buffy 
coat, thereby keeping the collected ple^sma free of 
contamination by the buffy coat Gomporients- 

. During separation, the system controller (already 
described) maintains the. buffy coat layer within the 
separation chamber 18' at a distance spaced from the low-<3 
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wall, away from the plasma collection line 292 (see Fig. 
ISA) . This allows the buf fy coat component to accumulate 
during processing as plasma is conveyed by operation of the 
plasma pump PP2 from the chamber into the plasma collection 
container 304' . 

To collect the accumulated buffy coat component, the 
controller opens the buffy coat collection valve V19, and 
closes the inlet valve V17 of the plasma pump station PP2 and 
the red bipod cell collection valve y2 . The in-process pump 
PPl continues to operate, bringing whole blood into the 
chamber 18*. The flow of whole blood into the chamber 18' 
moves the buffy coat to the low-G wall, inducing an over 
spill condition) (see Fig. 15B) . The buffy coat component 
enters the plasma collection line 292 • and enters flow path 
F6 through the port P6 . The circuit 46* conveys the buffy 
coat component in F6 through the opened valve VI 9 directly 
into path F4 for passage through the port P4 into the 
collection container 376* . 

The valve V19 is closed when the sensing station 332 
senses the presence of fed blood cells. The plasma pumping 
station PP2 can be temporarily operated in a reverse flow 
direction (in through the valve Vll and out through the valve 
V17, with valve V9 opened) to flow plasma from the collectioii 
container 302 * through the tube 292 ' toward the separation 
chamber, to flush resident red blood from the tube 292* back 
into the separation chamber . The controller can resume normal 
plasma and red blood cell collection, by opening the red 
blood cell collection valve V2 and operating the plasma 
pumping station. PP2 (in through valve. VI 7 and out through 
valve Vil) .:.to resume, the conveyance of . plasma from the 
separation chamber to the collection container 302 • • 

Over spill conditions causing the movement of the buffy 
coat for collection can be induced at prescribed intervals 
during the process periods until a <iesired buf fy coat volume 
is collected in the .buf fy .coat collection container.. 
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6. Miscellaneous 
As Fig. 4 3 shows in phantom lines, the manifold 
assembly 226' can include an auxiliary pneumatic actuator A^„x 
selectively apply Pj,^d to the region of the flexible 
5 diaphragm that overlies the interior cavity 201' (see Fig. 

35) . As previously described, whole blood expelled by the 
pumping station PPl (by application of P„^ by actuator PA2) , 
enters flow path F5 through openings 203' and 205' into the 
processing chamber 18' . During the next subsequent stroke of 

10 the PPl, to draw whole blood into the punning chamber PPl by 

application of by actuator PA2, residual whole blood 

residing in the cavity 201' is expelled into flow path F5 
through opening 205' , and into the processing chamber 18' by 
application of P„ard ^awl- The cavity 201* also serves as a 

15 capacitor to dampen the pulsatile pump strokes of the in- 

process pump PPl serving the separation chamber 18'. 

It is desirable to conduct seal Integrity testing of 
the cassette 28' shown in Fig. 35 and 36 prior to use. The 
integrity test determines that the pump and valve stations 

2 0 within the cassette 28' function without leaking. In this 

situation, it is desirable to isolate the cassette 28' from 
the separation chamber 26' . Valves V19 and V16 (see Fig. 34) 
in circuit 264 • provide isolation for the whole blood inlet 
and plasma lines 292' and 296' of the chamber 18^ . To 

25 . provide the capability of also isolating/the red blood cell 
line 294 ' , an extra valve fluid actuated station :V26 can be 
added in fluid flow path F7 serving port P7 . As further shown 
in -phantom lines in Fig. 43, an addition valve actuator VA2 6 
can be added to the manifold assembly 26', to apply positive 

30 pressure to the valve V26, to close the valve V2 6 When 

isolation is required, and to apply negative pirefB sure to; the 
valve V2 6, to open the valve when isolation not required. 
VXX. Blood Separation Elements 

A. Molded Processing Chamber 

35 Figs. 21 to .23 show an embodiment of the centrifugal 
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processing chamber 18, which can be used in association with 
the system 10 shown in Fig. .1. 

In the illustrated etnbodiment , the processing chamber 
18. is preformed in a desired shape and configuration, e.g. , 
by injection molding, from a rigid, biocompatible plastic 
material, such as a non-plasticized medical grade 
acr i loni tri le -butadiene - s tyrene (ABS ) . 

The preformed configuration of the chamber 18 includes 
a unitary, molded base 388. The base 388 includes a center 
hub 120. The hub 120 is surrounded radially by inside and 
outside annular walls 122 and 124 (see Figs. 21 and 23). 
Between them, the inside and outside annular walls 122 and 
124 define a circumferential blood separation channel 126. 
A molded annular wall 148 closes the bottom of the channel 
126 (see Fig. 22) . 

The top of the channel 126 is closed by a separately 
molded, flat lid 150 (which is shown separated in Fig. 21 for 
the purpose of illustration) . During assembly, the lid X50 
is secured to the top of the chamber 18, e.g., by use of a 
cylindrical sonic welding horn. 

All contours, ports, channels, and walls that affect 
the blood separation process are preformed in the base 3 88 
in a single, injection molded operation. Alternatively, the 
base 388 can be formed by separate molded parts, either by 
nesting cup . shaped subassemblies or two symmetric halves - 

The lid 150 comprises a simple flat part that can be 
easily welded to the base 388. Because all features that 
affect the . separation process are incorporated into one 
injection molded con^bnent, any tolerance differences between 
the baise 388 and the lid 150 will not affect the separation 
efficiencies pf the chamber 18. h - 

The contours, ports. Channels, and . walls that are 
preformed in the base 388 can vary. In the embodiment shown 
in Figs. 21 to 23, circuttif erentially spaced pairs of 
stiffening walls 128, 130, and 132 emanate from the hub 120 
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to the inside annular wall 122. the stiffening walls 128, 
130, 132 provide rigidity to the chamber 18. 

As seen in Fig. 23, the inside annular wall 122 is open 
between one pair 130 of the stiffening walls. The opposing 
stiffening walls form an open interior region 134 in the hub 
120, which communicates with the channel 126. Blood and 
fluids are introduced from the umbilicus 296 into and out of 
the separation channel 126 through this region 134. 

In this embodiment (as Fig. 23 shows) , a molded 
interior wall 136 formed inside the region 134 extends 
entirely across the channel 126, joining the outside annular 
wall 124. The wall 136 forms a terminus in the separation 
channel 126, which interrupts flow circumf erentially along 
the channel 126 during separation. 

Additional molded interior walls divide the region 124 
into three passages 142, 144, and 146. The passages 142, 
144, and 14 6 extend from the hub 120 and cbmmxinicate with the 
channel 126 on opposite sides of the terminus wall 136 Blood 
and other fluids are directed from the hub 120 into and out 
of the channel 126 through these passages 142, 144, and 146. 
As will be explained in greater detail later, the passages 
142, 144, and 146 can direct blood components into and but 
of the channel 126 in various flow patterns. 

The underside of the base 388 (see Fig. 22) includes a 
shaped receptacle 179.. Three preformed nipples 180 occupy 
the receptacle . 179. Eadh nipple 180 leads to/ one of the 
passages 142, 144 ^ 146 on the opposite side of t:he base 388; 

The far end of the umbilicus 296. includes a shaped 
mount. 178 (see Figs. 24 and 24A) - The mount 17.8 is shaped to 
correspond to the shape of the receptacle 1^9 . - The mount 178 
can thus be plugged into the receptacle 179. -^(as Fig, 25 
shows) . The mount 178 includes interior lumens 398 (s^e Fig. 
24A) ^ which slide over the nipples 180 in the hub 1 20, to 
couple the umbilicus 296 in fluid communication with the 
channel 126. 
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Ribs 181 within the receptacle 179 (see Fig. 22) 
uniquely fit within a key way 183 formed on the mount 178 
(see Fig. 24A) . The unique fit between the ribs 181 and the 
key way 183 is arranged to require a particular orientation 
for plugging the shaped mount 178 into the shaped receptacle 
179. In this way, a desired flow orientation among the 
umbilicus 296 and the passages 142, 144, and 146 is assured* 

In the illustrated embodiment, the umbilicus 296 and 
mount 17 8 are formed from a material or materials that 
withstand the considerable flexing and twisting forces, to 
which the umbilicus 296 is subjected during use. For 
example, a Hytrel® polyester material can be used. 

This material, while well suited for the umbilicus 296, 
is not compatible with the ABS plastic material of the base 
388, which is selected to provide a rigid, molded blood 
processing environment. The mount 178 thus cannot be 
attached by conventional by solvent bonding or ultrasonic 
welding techniques to the receptacle 179. 

In this arrangement (see Figs. 24 and 25), the 
dimensions of the shaped receptacle 179 and the shaped mount 
178 are preferably selected to provide a tight, dry press 
fit. In addition, a capturing piece 185, formed of ABS 
material (or another material compatible with the material 
of the base 388), is preferably placed about the umbilicus 
296 outside the receptacle in. contact with the peripheral 
edges of the receptacle 179- The capturing piece 185 is 
secured to the peripheral edges, of the receptacle 179, e,g., 
by swaging or ultrasonic welding techniques. The capturiAg 
piece 185. prevents inadvertent separation of the mount. 178. 
from.the receptacXe 181. In this way, the umbilicus 296 can 
be integrally connected tp the basie 388 of the .chamber 18, 
even though incompatible plastic materials, are used> 

The centrifuge station 20 (see Figs. 26 to 28) includes 
a centrifuge assembly 48. The . centrifuge assembly 48 is 
constructed to receive and support., the mplded processing 
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chaniber 18 for use. 

As illustrated, the centrifuge assembly 4 8 includes a 
yoke 154 having bottom, top, and side walls 156, 158, 160. 
The yoke 154 spins on a bearing element 162 attached to the 
bottom wall 156. An electric drive motor 164 is coupled via 
an axle to the bottom wall 156 of the collar 154, to rotate 
the yoke 154 about an axis 64. In the illustrated embodiment, 
the axis 64 is tilted about fifteen degrees above the 
horizontal plane of the base 38, although other angular 
orientations can be used. 

A rotor plate 166 spins within the yoke 154 about its 
own bearing element 168, which is attached to the top wall 
158 of the yoke 154. The rotor plate 166 spins about an axis 
that is generally aligned with the axis of rotation 64 of the 
yoke 154 . 

The top of the processing chamber 18i includes an 
annular lip 380, to which the lid 150 is secured. Gripping 
tabs 382 carried on the periphery of the rotor plate 166 make 
snap- fit engagement with the lip 3 80, to secure the 
processing chamber 18 on the rotor plate 166 for rotation. 

A sheath 182 on the near end of the umbilicus 296 fits 
into a bracket 184 in the centrifuge station 20. The bracket 
184 holds the near end of the umbilicus 296 in a non-rotating 
stationary position aligned with the mutually aligned 
rotational axeis 64 of the yoke 154 and rotor plate 166. 

An arm 186 protruding from either or both side walls 
160 of the yoke 154 contacts the mid portion of the umbilicus 
.296 during rotation of the yoke 154. Ciohstrained by the 
bracket, 184 at its near ezld and the chamber 16 at its far end 
.:(where -the mount 178 is secured inside the receptacle 179) , 
the umbilicus: 296 twists about its own axis .as it rotates 
about the yoke axis 64 . The twirling of . th«e- umbilicus 296 
about its- axis as it rotates at one omega with the yoke 154 
impart 8/ €L two omega rotation to the rotor plate 166, and thug 
to the.prpcessing chamber 18 itself. . 
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The relative rotation of the yoke 154 at a one omega 
rotational speed and the rotor plate 166 at a two omega 
rotational speed, keeps the umbilicus 296 untwisted, avoiding 
the need for rotating seals. The illustrated arrangement also 
allows a single drive motor 164 to impart rotation, through 
the umbilicus 296, to the mutually rotating yoke 154 and 
rotor plate 166. Further details of this arrangement are 
disclosed in Brown et al U.S. Patent 4,120,449, which is 
incorporated herein by reference. 

Blood is introduced into and separated within the 
processing chamber 18 as it rotates. 

In one flow arrangement (see Fig. 29), as the 
processing chamber 18 rotates (arrow R in Fig. 29), the 
umbilicus 296 conveys whole blood into the channel 126 
through the passage 146 . The whole blood flows in the channel 
126 in the same direction as rotation (which is 
counterclockwise in Fig. 29) . Alternatively, the chamber 18 
can be rotated in a direction opposite to the circumf Serential 
flow of whole blood, i.e., clockwise. The whole blood 
separates as a result of centrifugal forces in the manner 
shown in Fig. ISA. Red blood cells are driven toward the 
high-G wall 124, while lighter plasma constituent is 
displaced toward the low-G wall 122. 

In this flow pattern, a dam 384 projects into the 
channel 126 toward the high-G wall 124 . The dam 384 prevents 
passage of plasma, while allowing passage of rqsd blood cells 
into a channel 386 recessed in the high-G wall 124. The 
channel 386 directs the red blood cells into the umbilicus 
296 through the radial passage 144. The plasma constituent 
is conveyed from the channel 126 through the radial passage 
142 into umbilicus 296. . 

Because the red blood cell exit channel 386 extends 
outside the high-g wall 124, being spaced further from the 
rotational axis than the high-g wall, the red blood cell exit 
channel 386 allows the positioning of the interface between 



the red blood cells and the buffy coat very close to the 
high-g wall 124 during blood processing, without spilling the 
buffy coat into the red blood cell collection passage 144 
(creating an over spill condition) - The recessed exit channel 
3 86 thereby permits red blood cell yields to be maximized (in 
a red blood cell collection procedure) or an essentially 
platelet-free plasma to be collected (in a plasma collection 
procedure) • 

In an alternative flow arrangement (see Fig. 30), the 
umbilicus 296 conveys whole blood into the channel 126 
through the passage 142 . The processing chamber 18 rotates 
(arrow R in Fig. 30) in the same direction as whole blood 
flow (which is clockwise in Fig, 30) . Alternatively, the 
chamber 18 can be rotated in a direction opposite to the 
circumferential flow of whole blood, i.e., clockwise. The 
whole blood separates as a result of centrifugal forces in 
the manner shown in Fig. 15A. Red blood cells are driven 
toward the. high-G wall 124, while lighter plasma constituent 
is displaced toward the low-G wall 122. 

In this flow pattern; the dam 384 (previously 
described) prevents passage of plasma, while allowing passage 
of red blood cells into the recessed channel 3 86, The 
channel 386 directs the red blood cells into the umbilicus 
296 through the radial passage 144. The pla;sma constituent 
is conveyed from the opposite end of the channel 126 through 
the radial passage 146 into umbilicus 296. . 

In another alternative flow arrangement (see Fig. 31) , 
the umbilicus 296 conveys whole blood into t:he channel- 126 
through the passage 144. The processing chamber 18 is rotated 
(arrow R in Pig. .31) in the sdime direction as -blood flow 
(which is clockwise in Fig. 31) . Alternatively.;; the chamber 
18 . can be rotated in a direction oj^poslte to the 
pircumf erential flow of whole blood, i.e., counterclockwise . 
The. whole blood separates as a result of centrifugal fbrceis 
in the manner shown in Fig. ISA. Red blood cells are driven 
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toward the high-G wall 124, while lighter plasma constituent 
is displaced toward the low-G wall 122. 

In this flow pattern, a dam 385 at the opposite end of 
the channel 126 prevents passage of plasma, while allowing 
passage of red blood cells into a recessed channel 387. The 
channel 387 directs the red blood cells into the umbilicus 
296 through the radial passage 146. The plasma constituent 
is conveyed from the other end of the channel 126 through the 
radial passage 142 into umbilicus 296. In this arrangement, 
the presence of the dam 384 and the recessed passage 386 
(previously described) separates incoming whole blood flow 
(in passageway 144) from outgoing plasma flow (in passageway 
142) . This flow arrangement makes possible the collection of 
platelet -rich plasma, if desired. 

In another alternative flow arrangement (see Fig. 32), 
the passage 144 extends from the hub 120 into the channel 126 
in a direction different than the passages 142 and 146. In 
this arrangement, the terminus wall 136 separates the 
passages 142 and 146, and the passage .144 communicates with 
the channel 126 at a location that lays between the passages 
142 and 146. In this arrangement, the umbilicus 296 conveys 
whole blood into the channel 126 through the passage 146, The 
processing chamber 18 is rotated (arrow R in Fig. 32) in the 
same direction as blood flow (which is clockwise in Fig. 32) . 
Alternatively, the chamber 18 can be rotated in a direction 
opposite to the circumferential flow of whole; -blood, i.e., 
cpunterclockwise. The whole blood separates as a result of. 
centrifugal forces in the manner shown in Fig. 15A. Red blood 
cells are driven toward the high*G wall 124, while lightei: 
plasma constituent id displaced toward the low-G wall 122. 

In this flow pattern, the passage 144 <5pnveys plasma 
from the channel 126 , while the passage 142 c0hveys red blood 
ceils from the channel 126. 

As previously mentioned, in any of the flow pattei^ts 
shown in Figs. 28 to 32, the chamber 18 can be rotated in the 
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same direction or in an opposite direction to circumferential 
flow of whole blood in the channel 126. Blood separation as 
described will occur in either circumstance. Nevertheless, 
it has been discovered that, rotating the chamber 18 in the 
same direction as the flow of whole blood in the channel 126 
during separation, appears to minimize disturbances, due, 
e.g,, Coriolis effects, resulting in increased separation 
efficiencies. 

Exaunple 

Whole blood was separated during various experiments 
into red blood cells and plasma in processing chambers 18 
like that shown in Fig. 28. In one chamber (which will be 
called Chamber 1) , whole blood circumf erentially flowed in 
the channel 126 in the same direction as the chamber 18 was 
rotated (i.e., the chamber 18 was rotated in a 
counterclockwise direction) . In the other chamber 18 (which 
will be called Chamber 2) , whole blood circumf erential ly 
flowed in the channel 126 in a direction opposite to chamber 
rotation (i.e., the chamber 18 was rotated in a clockwise 
direction) . The average hematocrit for red blood cells 

collected were measured for various blood volume samples, 
processed at different combinations of whole blood inlet flow 
rates and plasma outlet flow rates. The following Tables 
summarize the results for the various eacperiments . 

Table 1 

. (Flow in the Same Direction as Rotation) 





Average Whole Blood 
Hematocrit (%) 


Average Hematocrit of 
Red Bipod dells ■ 

Collected - , 


KunOie^ of Bl€>od 

Saxnples 

Probe^sed 






7 


45.4 


74.8 


4 


40 


78.8 
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Table 2 

(Flow in the Opposite Direction as Rotation) 





Average Whole Blood 
Hematocrit (%) 


Average Hematocrit of 
Red Blood Cells 
Collected 


Number of Blood 

Samples 

Processed 






3 


43 .5 


55.5 


2 


42.25 


58.25 



10 Tables 1 and 2 show that, when blood flow in thie 

chamber is in the same direction as rotation, the hematocrit 
of red blood cells is greater than when blood flow is in the 
opposite direction. A greater yield of red blood cells also 
means a greater yield of plasma during the procedure, 

15 Fig. 33 shows a chamber 18' having a unitary molded 

base 388' like that shown iii Figs. 21 to 23, but in which two 
flow paths 126* and 390 are formed. The flow paths 126' and 
390 are shown to be concentric, but they need not be. The 
chamber 18 » shares many other structural features in common 

20 with the chamber 18 shown in Fig. 23. Common structural 

features are identified by the same reference number marked 
with an asterisk. 

The base 388' ihciudes a center hub 120* which is 
surrounded raidially by the inside and outside annular walls 

25 122 • and 124 • , defining betWeen them the ci^btithf erential 

blood separation channel 126' . In this embodiment, a second 
inside annular wall 3^2 radially surrounds the hub 120' . The 
second circumferential blood separaltion channel 390 is 
defined between the inside annular walls 122' and 392. This 

30 construction forms the concentric outside -and inside 

separation channels 126' and 390. 

An interrupt ion 394 in the annular Wall 122' adjacent 
to the dam 384' establishes flow communication between the 
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outside channel 126* and the inside channel 390. An interior 
wall 396 blocks £low coinmunication between the channels 126* 
and 3 90 at their opposite ends. 

As the processing chamber 18* rotates (arrow R in Pig, 
5 33), the umbilicus 296 conveys whole blood into the outside 

channel 126' through the passage 144' . The whole blood flows 
in the channel 126' in the same direction as rotation (which 
is counterclockwise in Fig. 33) . Alternatively/ the chamber 
18* can be rotated in a direction opposite to the 

10 circumferential flow of whole blood, i.e., clockwise. The 

whole blood separates in the outside channel 126 ' as a result 
of centrifugal forces in the manner shown in Fig. ISA. Red 
blood cells are driven toward the high-G wall 124 • , while 
lighter plasma constituent is displaced toward the low-G wall 

15 122 • , 

As previously described, the dam 384' prevents passage 
of plasma, while allowing passage of red blood cells into a 
channel 386' recessed in the high-G wall 124'. The channel 
386' directs the red blood cells into the umbilicus 296 

20 through the radial passage 142', The plasma constituent is 

conveyed from the channel 126' through the interruption 394 
into the inside separation channel 390. 

The plasma flows circumf erentially flow through the 
inside channel 390 in a direction opposite to the whole blood 

25 in the outside channel 126', Platelets remaining in the 

plasma migratei in response to centrifugal forces, .^gainst the 
annular wall 124'. The channel 390 directs the plasma 
constituent to the same end of the chamber 18' where whole 
blood is initially introduced. The plasma constituent is 

30 conveyed from the channel 390 by the passage 146'. 

VIII . Other JBlood Prpcessing Functions . 

The many features of the invention have been 
demonstrated by describing their use in separating whole 
blood into component parts for storage and blood component 

35 therapy. This is because the invention is well adapted for 
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use in carrying out these blood processing procedures. It 
should be appreciated, however, that the features of the 
invention equally lend themselves to use in other blood 
processing procedures . 

5 For example, the systems and methods described, which 

make use of a programmable cassette in association with a 
blood processing chamber, can be used for the purpose of 
washing or salvaging blood cells during surgery, or for the 
purpose of conducting therapeutic plasma exchange, or in any 

0 other procedure where blood is circulated in an 

extracorporeal path for treatment . 

Features of the invention are set forth in the 
following claims. 
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We Claim : 

1. A programmable blood processing system 
coupled to a blood separation device con^rising 

a cassette containing several preformed, 
pneumatically actuated pump stations, several preformed fluid 
5 flow paths, and several preformed, pneumatically actuated 

valves in the fluid flow paths, and 

a programmable pneumatio actuator to hold the 
cassette and selectively apply pneumatic force to the valves 
and pump stations in response to a control program to place 
10 any selected fluid flow path in flow communication with any 

selected pump station. 

2. A system according to claim 1 

wherein the pneumatic actuator selectively 
applies both positive pressure and negative pressure to the 
valves and pump stations . 

3. A system according to claim 1 

wherein the pneumatic actuator selectively 
applies positive pressure to close the valves and negative 
pressure to the open the valves. 

4 . A system according to claim 1 
wherein the pneumatic actuator selectively 
applies positive pressure to expel fluid from the pump 
stations and negative pressure to draw fluid into the pump 
5 stations . 

5.. A system according to claim,!,, 

wherein at least one of the pump stations 
includes first and second pump chambers operating in tandem 
in response to the application of pneumatic force. 

6. A programmable blood processing system 
coupled to a bipod sejparation dejvice. compris.l^ng 

a cassette containing several preformed, 
pneumatically actuated pump stations, several preformed fluid 
5 flow paths., and several preformed, pneumatically actuated 

valves in the fluid flow paths. 



- 132 - 

a programmable pneumatic actuator to hold the 
cassette and selectively apply pneumatic force to the valves 
and pump stations in response to a control program to place 
any selected fluid flow path in flow communication with any 
sfelected pump station, and 

a controller having a first selectable control 
program to direct the pneumatic actuator to apply pneumatic 
force to the valves and puwp stations to perform a first 
blood separation procedure, the controller also having a 
second selectable control program to direct the pneumatic 
actuator to apply pneumatic force to the valves and pump 
stations to perform a second blood separation procedure 
different than the first blood separation procedure, whereby 
the preformed pump stations, preformed fluid flow paths, and 
preformed valves in the cassette can accommodate different 
blood processing procedures, 

7. A system according to cla:im 6 
wherein the pneumatic actuator selectively 
applies both positive pressure and negative pressure to the 
valves and pump stations . 

8 . A system according to claim 6 
wherein the pneumatic actuator selectively 
applies positive pressure to close the valve^ and negative 
pressuire to the open the valves . 

9. A system according to claim 6 

wherein the pneumatic actuator selectively 
applies positive pressure to expel fluid from the pump 
stations and negative pressure to draw fluid into the pump 
stations. 

10. A system accordincf to claim 6 

wherein at least one of the fiurnp stations 
includes first and second piimp chambers operating in tamdem 
in response to the application . of pneumatic forc6, 

11. A programmable blood processing system 
coupled to a blood separation device comprising 
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a cassette containing several preformed, 
pneumatically actuated pump stations, several preformed fluid 
5 flow paths, and several preformed, pneumatically actuated 

valves in the fluid flow paths, and 

a programmable pneumatic actuator to hold the 
cassette and selectively apply pneumatic force to the valves 
and pump stations in response to a control program to direct 
10 fluid flow through any selected pump station in either a 

forward direction between two valves, or a reverse direction 
between two valves, or an in-out direction through a single 
valve - 

12. A system according to claim 11 

wherein the pneumatic actuator selectively 
applies both positive pressure and negative pressure to the 
valves and pump stations. 

13. A system according to claim 11 

wherein the pneumatic actuator selectively 
applies positive pressure to close the valves and negative 
pressure to the open the valves, 

14. A system according to claim 11 

wherein . the pneumatic actuator selectively 
applies positive pressure to expel fluid from the pump 
stations and negative pressure to draw fluid into the pump 
5 stations . 

15 i : A system according to claim 11 
. . wherein at least one of the ]^ump stations 
includes first and second pump chambers operating in tsuidem 
In. response to the, application of pneumaiiic force. 

16. A programmable blood processing .system 
coupled to a blood separation device comprising 

a cassette containing several. . preformed, 
pneumatically actuated pun^. stations several pref ormed fluid 
5 flow paths,, aiid: several preformed,, pnieumatically. actuated 

vialves in the fluid flow paths, and 

a . programmable pneumatic .actuator to . hold the 
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cassette and selectively apply pneumatic force to the valves 
and pump stations in response to a control program to 
10 simultaneously place two of the pump stations in flow 

communication with the blood separation device while 
simultaneously placing a third pump station in flow 
communication with a venipuncture . 

17. A system according to claim 16 

wherein a first pump station is placed in 
communication with an inlet of the blood separation device 
while a second pump station is placed in simultaneous 
5 communication with an outlet of the blood separation device. 

18. A system according to claim 16 

wherein the progranunable pneumatic actuator 
selectively applies pneumatic force to the valves and third 
pump station to direct fluid flow through the third pump 
5 station in either a direction away from the venipuncture or 

a direction toward the venipuncture. 

19. A system according to claim 16 

wherein the programmable pneumatic actuator 
selectively applies pneumatic force to the valves and pump 
stations to direct fluid flow through any selected pump 
5 station in either a forward direction between two valves, or 

a reverse direction between two valves, or an in-out 
direction through a single valve. 

20. A system according to claim 16 

further including a controller hayinig a first 
selectable control program to direct the pneumati<3 actuator 
to apply pneumatic force, to the valves and = pun^. stations to 
5 perform a first blood separation procedure, the controller 

having a second selectable control program to direct the 
pneumatic actuator to apply pneumatic f orce to,.tilie valves and 
pump, stations to perform a. second blood separation procedure 
different than the first blood separation procedure, whereby 
10 the preformed pump stations, preformed fluid flow paths/ and 

preformed valves in the cassette can accommodate different 
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blood processing proceduries . 

.21. A system according to claim 16 
wherein the pneumatic actuator selectively 

applies both positive pressure and negative pressure to the 

valves and pump stations . 

22. A system according to claim 16 

wherein the pneumatic actuator selectively 

applies positive pressure to close the valves and negative 

pressure to the open the valves. 

23 . A system according to claim 16 

wherein the pneumatic actuator selectively 

applies positive pressure to expel fluid from the pump 

stations and negative pressure to draw fluid into the pump 
5 stations. 

24. A system according to claim 16 

wherein at least one of the pump stations 
includes first and second pump chambers operating in tandem 
in response to the application of pneumatic force. 

25 . A programmable blood processing system 
coupled to a blood separation device comprising 

a cassette containing several preformed, 
pneumatically actuated pump stations, several preformed fluid 
5 flow paths, and several preformed, pneumatically adtuated 

valves in the fluid flow paths, and 

a programmable pneumatic actuator to hold the 
cassette and selectively apply pneumatic force to the valves 
and pump stations in response to a control progiram to place 
10 a first pump station in communication with an iiilet of the 

blood separation device to supply blood to the separat^ion 
device for separation into components, a second pxxcap station 
in conumanicat ion - wi th, an out let of the bipod deipaira't ion 
-device to withdraw a blood cotaponeiit f^rom the blood 
15 sepairat ion device., and a third pump station in communication 

=with: a venipxihcture to supply and return blood tor a. donof. 

f - . ... 

. 26.. A system according to claim 25 
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wherein the programmable pneuTnatic actuator 
selectively applies pneumatic force to the valves and first 
and second pump stations to simultaneously supply blood to 
5 and withdraw blood from the separation device • 

27. A system according to claim 25 

wherein the programmable pneumatic actuator 
selectively applies pneumatic force to the valves and pump 
stations to supply blood to or withdraw blood from the 
5 separation device while blood is supplied from or returned 

to the donor. 

28. A system according to claim 25 

wherein the programmable pneumatic actuator 
selectively applies pneumatic force to the valves and pump 
stations to place a fourth pump station in communication with 
5 a source of anticoagulant for mixing with blood. 

29. A system according to claim 25 

wherein the programmable pneumatic actuator 
selectively applies pneumatic force to the valves and third 
pump station to place the third pump station in cominunication 
5 with a source of fluid for mixing with blood. 

30. A system according to claim 25 

further including a controller having a first 
selectable control program to direct the pneumatic actuator 
to apply pneumatic force to the valves and pump stations to 
5 perform a first blood separation procedure, the controller 

having a second selectable control program t.p. direct the 
pneumatic actuator to apply pneumatic force to tfee valves and 
pump stations to perform a second blood separation procedure 
different than the first blood separation procedure, whereby 
10 the preformed pump stations, preformed fluid flow paths, and 

prefcjrmed valves in the cassette can accommodate different 
blood processing procedures. 

31. A system according to claim 25 

.wherein the pneumatic actuator selectively 
applies both positive pressure and negative pressure to the 
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valves and pump stations. 

32. A system according to claim 25 

wherein the pneumatic actuator selectively 

applies positive pressure to close the valves and negative 

pressure to the open the valves. 

33 . A system according to claim 25 

wherein the pneumatic actuator selectively 

applies positive pressure to expel fluid from the pump 

stations and negative pressure to draw fluid into the pump 
5 stations. 

34. A system according to claim 25 

wherein at least one of the pump stations 
includes first and second pump chambers operating in tandem 
in response to the application of pneumatic force, 

35. A system according to claim 1 or 6 or 11 or 

16 or 25 

wherein the cassette includes a body, and 
wherein at least one of the valves includes a 
valve chamber formed in the body comprising a recessed wall 
forming a well and. a valve port in the well, a valve seat 
extending below the recessed wall about the valve port, and 
a flexible diaphragm on the valve chamber responsive to an 
applied negative pressure for flexure out of the valve seat 
to open the valve port and responsive to an applied positive 
pressure for flexure into the valve seat to close the valve 

36. A system according to claim 35 

wherein the valve port lays flush with the 
recessed wall . 

37 V . A . system according to claim 35. 

wherein at least one pump station includes a piimp 
chamber formed in the body comprlsjing a recessed wall f ormizig 
a well and a pun^ port -in the well, aiid a flexible diaphragm 
5 on the pump chamber responsive to an applied negative 

pressure, for outward flexure to draw fluid into the well 
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through the pump port, the flexible diaphragm also responsive 
to an applied positive pressure, for inward flexure to expel 
fluid from the well through the pump port. 

38. A system according to claim 37 

wherein the pump port communicates with the valve 

port . 

39. A system according to claim 35 

further including an interior cavity in the body 
to trap air.. 

40. A system according to claim 39 

further including a filter material in the 
interior cavity. 

41- A system according to claim 1 or 6 or 11 or 

16 or 25 

wherein the cassette includes a body, and 
wherein the several preformed fluid flow paths 
5 include first and second fluid flow channels forroed in the 

body, and 

wherein at least one of the valves includes a 
valve chamber formed in the body comprx sing a recessed wall 
forming a well, a first valve port in the well communicating 
10 with the first fluid flow channel, a second valve port in the 

well communicating with the second fluid flow channel, a 
valve seat extending below the recessed wall about one of the 
. . valve ports, and a flexible diaphragm on the valve chamber 

responsive to an applied negative pressure for^; f lexure out 
15 of the valve seat to open the pump port and responsive to 

an applied positive pressure for- flexure into the valve seat 
to close the pump port. 

. ^42- A system according, to claim 41 

wherein the one pump port lays flush with the 
recessed wall.. 

43. . A system according to claim 4 2 
wherein the other pump port lays in a recess 
below the recessed wall . 
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44. A system according to claim 41 
wherein the body has oppositely sides, 
wherein first and second fluid flow channels are 

formed in one side of the body, and 

wherein the valve chamber is formed in the 
opposite side of the body. 

45. A system according to claim 1 or 6 or 11 or 

16 or 25 

wherein the cassette includes a body, and 
wherein the several preformed fluid flow paths 
includes a flow channel formed in the body, and 

wherein at least one of the pump stations 
includes a pump chamber formed in the body and communicating 
with the flow channel, the pump chamber comprising a wall 
forming a well, a pump port in the well, and a flexible 
diaphragm on the pump chamber responsive to an applied 
negative pressure for outward flexure to draw fluid into the 
well through the pump port, the flexible diaphragm also 
responsive to an applied positive pressure for inward flexure 
to expel fluid from the well through the pump port, and 
15 the body further including an interior cavity 

communicating with the flow channel to trap air, and a 
flexible diaphragm on the interior cavity responsive to an 
applied positive pressure for inward flexure to expel fluid 
from the interior cayity. 

.46. A system according to claim 1. or 6 or 11 or. 

16 or 25 

.wherein the cassette includes a body/ and 
wherein at least one of the puic^ stations 
5 includes a punqp chamber formed in the body comprising a 

recessed wail forming a well, a first pump poi^t :in the well/ 
and a second .pump port in the well spaced from the first, 
port, a flexible diaphragm on the pump chamber and responsive 
to an ajppliiedmegative pressure for outward flexure to draw 
10 fluid into the well through one of the ports, the flexible 
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diaphragm also responsive to an applied positive pressure for 
inward flexure to expel fluid from the well through one of 
the ports, and a race extending below the recessed wall 
between the first and second ports to establish liquid flow 
15 continuity between the first and second ports, despite 

contact between the flexible diaphragm and recessed wall 
during inward flexure. 

47. A system according to claim 46 

wherein the race includes a dogleg portion 
extending at an angle from at least one of the first and 

- second ports. 

48. A cassette for directing fluid flbw 

comprising 

a body, 

a valve chamber formed in the body comprising a 
recessed wall forming a well arid a valve port in the well, 

a valve seat extending below the recessed wall 
about the valve port, and 

a flexible diaphragm on the valve chamber 
responsive to an applied negative pressure for flexure out 
of the valve seat to open the valve port and responsive to 
an applied positive pressure for flexure into the valve seat 
to close the valve port. 

49. A cassette comprising 
a body, . 

first and second fluid flow channela formed in 
the body, and 

5 a valve chamber formed in the body conqpri sing a 

recessed wall forming a well; a first valve port in the w^ll 
communicating with the first fluid flow channel, a second 
valve porit in trie well comrounicating with th^. second fluid 
flow channel, a valve seat extending below the recessed wall 
10 about one o£ the valve ports, and a f lexible diaphragm on the 

valve chamber responsive to an applied negative pressure for 
* flexure out of the valve seat to open the pump port and 
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responsive to an applied positive pressure for flexure into 
the valve seat to close the pump port . 

50, A cassette for directing fluid flow 

comprising 

a flow channel formed in the body, 

a pump chamber formed in the body and 
5 communicating with the flow channel, the pump chamber 

comprising a wall forming a well,, a pump port in the well, 

a flexible diaphragm on the pump chamber 
responsive to an applied negative pressure for outward 
flexure to draw fluid into the well through the pump port, 
10 the flexible diaphragm also responsive to an applied positive 

pressure for inward flexure to expel fluid from the well 
through the pump port, 

an interior cavity in the body communicating with 
the flow channel to trap air, and 
15 a flexible diaphragm on the interior cavity 

responsive to an applied positive presisure for inward flexure 
to expel fluid from the interior cavity, 

51. A cassette for directing fluid flow 

comprising 

a body , • 

a pump chamber formed in the body comprising a 
5 recessed wall forming a well, a first pump port in the well, 

and a second pump port in the well spaced from the first 
port,- . ■ 

a flexible diaphragm on the pump chamber and 
responsive to an applied negative pressure for outward 
10 flexure to draw fluid into the well through one Of the ports, 

the flexible .diaphragm also responsive to cm applied positive 
pressure for inward flexure to expel fluid 4j^om the well 
through one of the. port s //and 

a race extending below the recessed Wall between 
15 the first and second ports to establish liquid fl6w 

continuity between the first and second ports, despite 
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contact between the flexible diaphragm and recessed wall 
during inward flexure. 

52 . A blood processing method comprising the 

steps of 

providing a cassette containing several 
preformed, pneumatically actuated pump stations, several 
preformed fluid flow paths, and several preformed, 
pneumatically actuated valves in the fluid flow paths, and 

placing the cassette in association with a 
pneumatic actuator to selectively apply pneumatic force to 
the valves and pump stations, 

providing a first selectable control program to 
operate the pneumatic actuator to perform a first desired 
blood processing procedure using the cassette including 
conveying blood through a separation device for separation 
into a first component part, at least a portion of which is 
collected, and 

providing a second selectable control program to 
operate the pneumatic actuator to perform a second desired 
blood processing procedure using the cassette including 
conveying blood through a separation device for separation 
into a second component part, at least a portion of which is 
collected. 

53 . A blood processing method according to 

claim 52 

wherein the first component part,; includes red 
blood cells. 

54 . A blood processing methodi according to 

claim 52 

wherein the second component part include&l 

plasma. 

55 . A blood processinig method according to 

claim 52 

further including the step of providing a third 
selectable control program to operate the pneumatic actuator 
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5 to perform a third desired blood processing procedure using 

the cassette including conveying blood through a separation 
device for separation into first and second component parts, 
at least a portion of which are collected. 
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[57] ABSTRACT 

Method and apparatus for preparing a mixed fluid of 
accurately portioned components for hemodialysis 
comprises the use of a closed receptacle of fixed vol- 
ume. Two or more components for the fluid are intro- 
duced into a chamber in the closed receptacle to All it 
and the resultant fluid of the portioned and mixed com- 
ponents is delivered from the chamber. One or more of 
the components is. introduced into the chamber in pre- 
detemiin^ aimounts, the sum of which is insufficient to 
All the whole voliune of the chamber, before or during 
which : the other component is introduced into the 
chamber and the other component is introduced into 
the chamber in an amount sufficient to fill the remaining 
volume of the chamber. The method and apparatus are 
suitable for preparing dialysate solutions for the use in 
hemodialysis. 

36 Claims, 12 Drawuig Figures 
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mined amounts, the sum of which is insufiicient to fill 

MIETHOD AND APPARATUS FOR PREPARING the whole volume of the receptacle, and the other com- 

HEMODIALYSIS FLUIDS OF ACCURATELY ponent is introduced into the receptacle in an amount 

PORTIONED COMPONENTS sufTicient to fill the remaining volume of the receptacle. 

S The itrst mentioned component may be introduced all - 
This application is a continuation of application Ser. at one time or in portions, either before or during the 
No. 335,488, filed Dec. 30, 1981 which is a continuation addition of the other component: 
of application Ser. No. 124,351, filed Fd). 25, 1980, both According to the present invention, there is further 
now abandoned. provided an apparatus for preparing a mixed fluid of 
BArKOROlJNn OF THP INVPNTinNT accurately proportioned components which comprises 
BACKGROUND OF THE INVENTION ^ ^j^^^j receptacle of a fixed volume having chambers 
This invention relates to a niethod and apparatus for for receiving two or more components for the fluid, at 
preparing hemodialysis fluids of accurately propor> least one means of introducing one or more of the com* 
tioned components. Particularly, the invention involves ponents into the receptacle in a predetermined amount, 
a method and apparatus suitable for preparing dialysate 15 the sum of which is insufficient to fill the whole volume 
solutions for use in dialysis, ultrafiltration and the like. of the chamber, all at one time or in portions, before or 
It has increasingly been desired to easily and accu- during the time when the other component is intro- 
rately control the concentration of a solution, in various duced into the receptacle. This invention further pro- 
chemical industries as well as in the preparation of vari- vides a means for introducing the other component into 
ous reagents and, in particular, of dialysate solutions for 20 the receptacle in an amount sufficient to fill the entire 
use in the control of metabolic functions, for example, in remaining volume of the chambe, and provides a means 
an artificial kidney system. In order to prepare such a for delivering the resultant fluid comprising the propor- 
dialysate solution of a constant concentration, there has tioned and mixed components from the receptacle for 
hitherto been used a technique in which the amounts of use in a hemodialysis environment, 
concentrate and dilute fluid components are accurately 25 The method and apparatus according to the present 
measured separately by the use of a proportional feed invention involve several preferred embodiments, and 
pump and the like, and then, mixed together, as is de- can advantageously be applied to an artificial kidney 
scribed, for example, in U.S. Pat. No. 3,804,107. How- system for hemodialysis for the purpose of the control 
ever, in such a technique, it is necessary to. accurately of metabolic functions. 

measure the respective amounts of the Concentrate and 30 w^^^,^^,,,-^,^^, ^.w^ . 

dilute fluid components and, thus, the necessary appara- ^^^^ DESCRIPTION OF THE DRAWINGS 

tus for the preparation of such a solution is inevitably FIG. lA is a diagrammatic view of an embodiment of 

complicated. Such a technique has further drawbacks in the apparatus according to the present invention; 

that a solution of an inaccurate concentration may often FIG. IB is a diagrammatic view of another embodi- 

be produced, particularly when the difference in the 35 ment of the apparatus according to the present inven- 

amounts of fluid components is large, and when the tion; 

mixing of the components occurs uiider a condition FIG. 2A is a schematic view of a piston and cylinder 

such that the components are in contact with a gas, such unit usable as the closed receptacle in the present inven- 

as air, thereby undersirably incorporating the gas into tion; 

the resultant fluid. 40 FIG. 2B is a schematic view of a bdlows unit usable 

Further, a patient in need of dialysis by an artificial as the closed receptacle; 

kidney system must go to a hospital several times every FIG. 3 is a diagrammatic view of a system for sepa- 

week to receive lengthy hemodialysis treatments, rating components of fluid which is advantageously 

which interferes with this return to a ncrnnal life. In usable as an artificial kidney system and into which an 

order to make home treatment of the patient possible, it 45 embodiment of the apparatus according to the present 

is necessary to provide a compact dialysis apparatus invention is incorporated; 

which can be operated easily and aiccuratdy, and thus, FIGS. 4A and 4B are graphs showing the change of 

the development of such a compact, useful dialysis ap- osmotic pressure with duration of dialysis time; 

paratus has earnestly been desired/ FIG. 5 is a sc^enmtic' S^ibw illustrating an embodi- 

In U.S. Pat. Nos. 4,037,616 and 4,096,059, there is 50 ment of the fluid component feed line; 

disclosed a method and apparatus for proportioning and FIG. 6 is a graph showing the change of .the number 
mixing fluids utilizing a double acting piston/cylinder of revolutions to be applied to a motor with duration of 
unit However, in these patents, it is difficult to change 'dialysis time, and; 

the proportions of the components during the continu- FIG. 7, FIG. 8 and FIG. 9 each illustrates another 

ously repeated operations. FurUiermbre, in publicly 55 embodiment of the fluid component feed line, 

disclosed Japanese Patent AiH>lication (Kokai) No. ^«c.^»»«™r^ti.T ^w-w^m^ 

72379/1977, there is disclosed a closed circuit amulta- ^^^^^^^i^ Jj^r^^^ 

neous dialy^ aiid ultrafiltration system. . _ EMBQDIMENTS 

BRmPSUMMARvoF-raEmvEmioN ^ 

The present invention provides a method for prepar- an approximately globular shape and having a constant 

ing a mixed fluid of accuraitely proportioned compo- volume. The receptacle A has two chambers 2a and 3a 

nents which comprises introducing two or more fluid separated by a partition consisting of a stretchable sili- 

: components into a closed receptacle which has a fixed cone rubber diaphragm Ho, and the diaphragm la can be 
volume to fill the closed receptacle, and delivering the 65 displaced throughout the whole area of the champ, 

resultant fluid of the proportioned and mixed compo- Fluids are introduced into and delivered from the re- 

nents from the receptacle. One or more of the compo- ceptacle through a three-way solenoid valve ^ The 

nents are introduced into the receptacle in predeter- fluid feed line 14 of the receptacle comprises a dilute 
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fluid component feed line 21 and a concentrated fluid 
component feed tine 22. In the concentrated fluid com- 
ponent feed line 22, check valves 23 and 24 and a sy- 
ringe-type piston pump 25 are provided. A delivery line 
73a for delivery of the fluid from the chamber 2a is 5 
connected to the three-way solenoid valve 4a and com- 
prises an iappropriate pump 74. The chamber 3a has a 
port 71a which allows displacement of the diaphragm 
la. 

When the fluid fllled in the chamber 2a has been 10 
delivered by the pump 74 and a start signal is applied 
from a central control system (not shown) when the 
diaphragm la is in close contact with the left side of the 
inner wall of chamber of receptacle A, the three-way 
solenoid valve 4a is actuated and the feed of the dilute 15 
fluid component through the line 21 is started by driv- 
ing an appropriate pump (not shown) or by operating a 
valve (not shown). Subsequently, the piston pump 25 is 
actuated and the concentrated fluid component, the 
amount of which has already been measured, is fed into 20 
the chamber 2a. The diaphragm la, being in close 
contact with the left side of the chamber of inner wall of 
the receptacle A, is displaced as the dilute and concen- 
trated fluid components flow into the chamber 2a. 

When the diaphragm la is finally brought into 25 
contact with the right side of the inner wall of the 
chamber of receptacle A, the feed of the fluid compo- 
nents is stopped by a stop signal from a signal generator 
(not shown) according to the indication of a pressure 
gage (not shown). Then, when needed, the resultant 30 
fluid, having an accurately controlled concentration is 
delivered for use through the delivery line 73a by the 
operation of the pump 74. 

After all of the prepared fluid has been delivered for 
use, the diaphragm la is brought into contact with the 35 
left side of the inner wall of the receptacle A. At this 
time, a change in the indication of the pressure gage is 
communicated to the central control system so that a 
signal is again transmitted from the central control sys- 
tem to repeat the above-mentioned operation. 40 

In the above-mentioned apparatus, a well, optionally 
having an agitator, may be provided at an appropriate 
position in the delivery line for ensuring uniform mix- 
ing. Alternatively, the fluid components may be uni- 
formly mixed by shaking the receptacle A. In the case 45 
where the prepared fluid is used as a dialysate solution, 
a heater for regulating the temperature of the solution 
may be provided at an appropriate position in order to 
control the temperature relative to: the. body tempera- 
ture of the patient. Further, an apparatus for separating 50 
gas from the fluid may optionally be provided at a posi- 
tion in the fluid feed line in order to increase the accu- 
racy of the concentration of the resultant fluid. 

As h described above with reference to FIG. lA, the 
inflow of the fluid components into the chan^>er 2a is 55 
started when the djaphiagm,\la is in close contact , with 
the left side of the inner wall of the receptacle A and is 
continued uh^ the diaphragm la is brought into close 
contact with the right side of tie inner wall of the re- 
ceptacle A. Thus, the total amount of the tptai fluid 60 
components introduced into the chamber 2a is constant. 
Therefore, by merely feeding a measured amount of the 
conbehtrated fluid (x>mponent from the line 22, it is 
possible to obtain a fluid of having a constant concentra- 
tion in every operation without controlling the amount 65 
or rate of the feed of the dilute fluid component intro- 
duced from the line 21. It is not necessary to employ a 
pontivedi^lacement pump, proportioiial feed pumpor. 
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the like for that purpose and, particularly, when a pump 
of such a type that allows the back flow of fluid, such as 
a centrifugal pump, is employed, it is not necessary to 
stop the operation of the pump: Therefore, it is possible 
to provide an inexpensive and compact apparatus. Since 
the chamber 2a is a closed system and its contents are 
not brought into contact with the open air, there is no 
air inclusion, which allows for accurate control of the 
concentration of the resultant fluid. Further, the 
method and apparatus according to the invention are 
very suitable for preparing a solution which need to be 
used quickly to avoid trouble, such as precipitation 
which might take place, if the solution is not used within 
a short period of time after the preparation thereof. 

It is, of course, necessary to start the feed of the dilute 
and concentrated fluid components in conformity with 
the start signal from the central control system and to 
complete the feed of the concentrated fluid component 
before the diaphragm comes into close contact with the 
right side of the inner wall of the closed receptacle. 
According to a feature of the invention, the (measured) 
feed of the concentrated fluid component should be 
completed before completion of the (non-measured) 
feed of the dilute fluid component. Thus, it is possible to 
complete the feed of the concentrated fluid component 
before the commencement of the feed of the dilute fluid 
component or to feed the concentrated fluid component 
concurrently with the feed of the dilute fluid compo- 
nent. Alternatively, the feed of the concentrated com- 
ponent may be carried out at an appropriate stage dur- 
ing the course of the feeding of the dilute component. 
The feed of the concentrated fluid component may be 
carried out all at one a time or in portions 

If two or more concentrated fluid components must 
be fed, it is possible to provide a plurality of concentrate 
fluid feed lines 22. It is also possible to employ a particu- 
late solid instead of the concentrate fluid component. 

As illustrated in FIG. IB, the port 71a of the chamber 
3a may be connected to the feedlline 14 and the deli very 
line 73a via another three-way electrovalve 5a In this 
embodiment, the feed of the fluid components and the 
subsequent delivery of the resultant fluid can be re- 
peated alternately in the respective chambers 2a and 3a, 
with every displacement of the diaphragm la. . . 

The closed fixed volume receptacle employed in the 
present invention should not be limited to the closed 
receptacle A having the diaphragm la as illustrated in 
FIG. lA Receptacles of the types Illustrated in FIGS. 
2A and 2B can. also be employed* for example. The 
receptacle illustrated ,^ip}1^G: 2A is a cylinder/piston 
unit wherein a head 32 is moved by the reciprocating 
motion of a piston rod 31. In the receptacle illustrated in 
FIG. 29> a beHows 3? is expanded and contracted via a 
rack and pinioii mechanism 34 by the alternate revolu- 
tions of a pulse motor 33. lii botl^ cases it is necessary to 
maintain Uie total amoiuit of. the fluid to be introduced 
into the reispective chambers constant and, thus, the 
stroke of th6 head 32 is defined by limit switches 36 and 
a nail 37 in the embodiment as illustrated in FIG. 2A, 
and thie stroke of the bellows 35 is defined by the repeti- 
tioii rate of the pulses applied to the pulse motor 33 in 
the embodiment as illustrated in FIG. 2B. 

Artificial kidneys 6f vsiious type$ such as a hollow 
fiber type coO type and plate type, are known (s^ for 
example U.S. Pat No. 3,722,695) and, when used for 
hemodialysis, remove waste components and water 
from blood by dialysis and ultrafiltration. In such 
hemodialysis^ it . is required that the dialysate solution 
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be a prescnbed concentration, that the ultrafiltration amount corresponds to the volume of disnlacement «r 

rate can be iu:cumtely contro^^^ and that the dialysis the diaphragm 16. If a p Jt ^Te ^J^^ 

is high. If the concentration of the dialysate removed from the closed circui by a p^^^^ 

^2n^U™T ™e^l>olism can not be ment pump HO. water, equal in volu^ ^t^at ffSi^^ 

Ss WcS^^ ""^ r ' '"'"^^^ ^'"^y^^^^ ^ ^r-r.^^^rTcd from the pa- 

iv!SlL !r ' addition the patient can suffer tient's blood (line lH) to the dialysate solution through a 

LT^^vtrlT^ TV' ^^^^^^ -"^^^-B. semi-permeable membrane in the dialyiS 7 ^Sf t is 

ain™i olo^ to the development of to say, the ultrafiltration rate (i.e. the water-^^Sval 

«K^^ K . f^«^"^^ Wood, and of an rate) can be determined by merely determmin^ Ae 

abnormal balance of water in the cells. If the control of 10 delivery rate of the pump 10 ^^lermmmg the 

S'tSJtSrS^^^^^^^^ Dunngtheabove^^^^^ 

condition of the patient may not ta^vrPuiSer l^w I^fhTlfJfc*^ f^t ^'T "^^^"^ receptacle B 

dialysis efficiencrmay result in unsatisfaetorvremo^^ a ^ ^ *»«d Sa 

of waste components fr^ the K ofr^^^^ 15 h " , ^ *° ^ fr^^*- 

dialysis procedure. dialysate solution of accurately proportioned compo- 

The method and apparatus according to the nresent ^fT . /"f- "^^""^^ chamber 2a, while the waste 
invention can advantageously b^TpplTed o ^ artiS "^^^^^^^ chamber 3a is removed by a 

kidney system for the purpose of CSntTol of^eSS fSJ ^ V^^'u^^'l ^^""^ ^'^^ ^^^^^^ 
functions. Such an artificial kidnersyste^^^ 20 ^ "'u^'' chamber 2a is used for the dialysis by 

and inexpensive and maSt Sle^^^^ ^vey the positions of the sol^^^^^ 

prepare a dialysate solution ofT^rescS>^d ^r^^ ^gI lA a^d'^lB"'^' "^^^ "^^"'^ 

tion and to measure and control the ultrafiltration rate 

without lowering the efficiency of dialysis. In particu- u ^^*L^ amount of the dialysate solution in 

lar, according to our extensive study concerning the 25 chamber 26 has been transferred to the dialysis cell 
application of the method and apparatus of the prescait ^ the^ diaphragm 16 comes into contact with the left 
invention to an artificial kidney system, it been ?deof the inner surface of the receptacle B as illustrated 
found that the present invention can be very advanta- ^^y- 3. Under this condition, since the flow of the 
geously applied to the heretobefore:.mentioned simulta- ^^V'**^" ^f^n stops, a float 15 provided in the flowmeter 
neous closed circuit dialysis and ultrafiltration system as 30 L ^"^^ to actuate a pair of photoelectric detectors 
disclosed hi publicly disclosed Japanese Patent AdDlica- , ^. ^^^^ detectors 16 actuates the 

Uon (Kokai) No. 79732/1977. solenoid valves 4a, 46. 5a and 56 to change the cbnhec- 

Thus, in a system for s^mrating components of a fluid ^^"^ ^^^"^ ^1^^ ^""^ dotted lines, thereby 

by bringing the fluid to be treated with a dialysate solu- «?"n^ting the chamber 2a of the receptacle A fiUed 
tion through a semi^>ermeable membrane in a dialysis 35 ^/?J ^""^^ dialysate solution to the dialy^ cdl 7 
cell to perform hemodialysis a closed circuit is formed ^ , receptacle B starts to receive another fresh 

by connecting the dialysate inlet df the dialysis cell to dialysate solution via line 14 and the chamber 26 whUe 
one chamber of a dialysate receptacle which has two f r^^^^ begins to deliver the waste dialysate 
chambers separated by a partition, at least a part of ^'1"^°" ^« waste delivery line. Of course, the waste 
which is capable of being displaced, arid the dialysate 40 d^^^^^ solutions may be reused after appropriate re 
outlet of the dialysis cell to the other chamber of the ^'"^"^ thereof. It will be appreciated from the above 
dialysate receptacle, and the flow of the dialysate solu- description that the introduction of the dialysate solu- 
tion is generated in the closed circuit by the displace- 5?? chamber 2a inust be complete before the 
inent of said at least a i>art of the partition, or by other ^^l^f^^^ » ^e chamber 26 has been com- 
mcans such as a puinp, so that the dialysate solution is 45 ^l^^ consumed^ and the changeover signal of the 
fed into and delivei^ed from the dialysis bell. In ti^^ elecArovalves has been actuated, 
system, it is advantageous, ih ordear to make practical dialysate solution is generally under a negative 
hemodialysis possible, to prdVidetwo or more dialysate Pressure in the dialysis cell. Thus, if there is any release 
receptacles so that the dialysaite solution can be roieat- ^ dissolved in the di£|l^ solution, or if there is 
edly prepared. 50 incorporation of a ga^ into the dialysate solution 
Ah embodiinent of^tich a system is illustrated in FIG. due to a leak in the closed c^cuit, the amount of ultraiil- 
3, wherein each of the dialysate receptacles A and B has ^^on is undesirably decreased belbw the amount of 
the same construction as that of the receptacle A de- delivery by the pump W, by an amount corre^nding 
scribed above with reference to FIGiS. lA and IB. The ^ volume of the gas present in the diialysate soluttoii. A 
respective receptacles A and B fef>eat the same opera- 55 device 9 is used for the removal of such a gas and is 
tions alternatfeiy according to the bperatioii of sblenoid Provided with a float 17 and a solenoid valve US. The 
yalves 4<ft 4fe Saand 5& accumulatibn of gas pr^SMt m the dialysate solution i^ 
In the condition as illiistated in FIG. 3, the receptacle detected by a drop m th^ level of the float 17, and the 
B is connected to a dialysis cell 7. The ft-esh dialysate ^ ^ removed by rel^ of the solenoid -valve' 18, 
solution previously placed in the chamber 26 of Uie 60 % above-mentioried system. It has. been made 
receptacle B is transferred to the dialysis ccfU 7 and the possible to acdirateiy control the water-removal rate 
resiiltmg wast«i fliud is tranisf(^rred to the chahibr 36 of and to carry oiit effective dialysis treatmrat without 
the rec^tacleB^ ma closed oi^cm^b^ lowering dialysis dflicaency doe to impurities in the 
solenoid valve 4ft the dialysis ceU 7, a flowmeter^^ dialysate solution. 

Sfsr^^^^i^^^" J*?* Conventiomil apparatus for preparing a fluid of a 

i«dA^5ft TI^c^^ cpntroUed concenfaation such aTa^ 

L^JT ^r^r^ 7 to the chamber 36 is id«.: have various drawbacks Tl^ kf^^^^S^c 
?^^r^^ .rT'S^^i?^1^ J^ge, inaccmate or mirdiable. TheL d^wK^ 

ferredfromthechamber26tothed«ilysiscell7, which effecdvely be overcome by the pres^inS^^ 
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in the present invention, a fluid of accurately proper- in the concentrate fluid component feed line 22 as illus- 
tions components can easily be prepared by a simple trated in FIG. lA etc. a piston rod 41 of the piston 
operation by the utilization having a closed receptacle pump 25 is provided with a rack and pinion mechanism 
of a fixed volume. That is to say. it is not necessary to 42 which converts the revolutional motion of a pulse 
feed the dilute fluid component in a controlled amount 5 motor 43 to the linear motion of the piston rod 41. The 
so long as the receptacle is completely filled with the pulse motor 43 rotates, alternately in one direction and 
component. This is a great advantage in the at home in the opposite direction, corresponding to the number 
treatment of people in need of hemodialysis, since the at of pulses applied from a pulse generator 44. 
home treatment may generally utilize city water as the When the changeover signal for the receptacles is 
dilute fluid component and. thus, difllculties may arise 10 given, a prescribed number of pulses is applied from the 
such as change of water pressure or interruption of the pulse generator 44 to rotate the pulse motor 43 in one 
water supply. Of course, it is not necessary to com- direction. Thus, the concentrated fluid component in a 
pletely mix the fluid components during the feed of the measured amount is fed from the piston pump 25 to the 
components, but the components should be appropri- feed line 14 through a valve 24 and the line 22. When 
ately mixed before the resultant fluid is used for the 15 the pulse reach a prescribed number, i.e; when the feed 
dialysis. of a prescribed amount of the concentrated fluid com- 
In the present invention, the composition of the resul- ponent is completed, the pulse generator applies the 
tant fluid can be changed as desired by changing the same number of pulses as previously applied to the 
proportions of the fluid cpinponents or by providing motor 43 to rotate it in the opposite direction, thereby 
two or more feed lines for tiie concentrated components 20 newly feeding the concentrated fluid component into 
and chan^ng the feed amounts of the concentrated the pump 25 through the valve 23. Again, when the 
components through the respective feed lines. In practi- pulses reach a prescribed number, i.e. when a prescribed 
cai hemodialysis, a dialysate solution of a consUint con- amount of the concentrated fluid component is fed, the 
centration which is prepared by diluting a commercial rotation of the motor 43 is stopped and, if necessary, an 
concentrated fluid to an indicated concentration is used 25 additional feed into the line 114 is carried out The num- 
unifprmly for all patients irrespective of theit difTerent ber of pulses to be applied to the pulse motor 43 is de- 
conditions. This is because it is troublesome to change fined electronically or mechanically by a programmer 
the prescription of the ^alysate solution for every pa- 45 and is gradually decreased with the progress of the 
tient. However, according to the present invention, dialysis, as illustrated in FIG. 6. Then, the stroke of the 
such inconvenience can easily be overcome. 30 piston rod 41 is decreased and the amount of the con- 
Further, according to the present invention, there can centrated fluid component fed from the pump 25 to line 
be obtained a surprising advantage in that the propor- 14 is gradually decreased corresponding to the pro- 
tions of the fluid components or one or more of the gram. Alternatively, the amount of the concentrated 
components can be changed as desired even during a fluid component may be changed by changing the num* 
dialysis treatment. In general, a patient suffering from 35 ber of strokes of the pump 25. 

chronic renal failure has an osmotic pressure of about The dilute fluid component fed from the line 21 is not 

335 mOsm/1 due to the accumulation of waste compo- limited, to pure water but may be a solution containing 

iients in the blood, while a man of normal renal function appropriate solute components. For example, in the 

has an osmotic pressure of about 285 mOsm/1, How- case where a dialysate solution in which the osmotic 

ever, the osmotic pressure (X) of usual dialysate solu- 40 pressure is adjusted to 285 mOsm/1 is to be fed from the 

tions is adjusted to a constant value of about 285 dilute fluid compone;nt feed line 21 and a saline solution 

mOsm/1 in order to adjust the osmotic pressure of the of a concentration of 10% is to be fed from the concen- 

blood to that of a man of normal renal function when trated fluid component feed line 22, if the volume of the 

the dialysis is completed. For this reason, the following dialysate receptacle A is 500 ml. the feed amount of the 

inconvenience may occur. 45 saline solution should be gradually reduced from 7.97 

Waste conaponents of low 'molecular w^gh^ ml when the dialysis is started to 0 ml when the dialysis 

iiig urea, which remarkably increase the osmotic pres- is stopped, all corresponding to the line X* in FIG. 4B. 

^"5® ^ of the blood of a patient suffering from renal In dialysis treatment, there is a furthier problem in 

failure, are removed at a relatively early stage in the that a disequilibrium s^^drppie may occur due to the 
dialysis. With the removal of the waste components of 50 accumulation or metaboiishi of acetate which is added 

low molecular weights, the osmotic pressure of the to a dialysate soludon as a buflfer component In order 

blood is rapidly lowered as illustrated in FIG. 4A. Con- to avoid tjiis problem, it is desirable to employ bicar- 

trary to this, the osmotic pressure (Z) in the cells is still bonate instead of acetate. However, as is well known^ 

high at this stage since the transfer of the waste compo- bicarbonate ions are easily converted to carbonate ions 

liehts from the cells to the blood occurs relatively 55 and the cartoiiate ions on easily bonded to calcium ions 

slowly. Therefore, water which is to be nkturally trails- present in the dialysate solution vAnch produces predp- 

ferred from the cells to the blood may be tr^iiiSfer^ itates. 

instead from the blood to the cd^\which iluiy' cause This problem can b^^ advantageously 

disequilibrium syndrome. by the present invention. Thus, an increase in the pH 

This difficulty may be overcome by ^tting the os- 60 value of the dialysate solution may be inhibited as de- 

motic pr<^ure (XO of the dialysate solution, when the scribed below with reference to FIG. 3. Fifom the dilute 

dialysis is started, to a level that corresponds to the fluid c(»hponent feed Une 21, there is fed a solution 
osmdtib pres^re (V) of the blodd and gradually lower- contauimg sodium ions in a concentration of 1 10 oiEq/I 
ing the osniotid preissure (X*) of the dialyskte sbltition, as and having an osmotic pressure of 237 mOsm/l. This 
illustrated in FIG. 4B: However, this dperatibn iis too 65 solution contains 3 mEq/l of lacdQadd as a pH adjust 

complicated to use in conviaitiohal art tor and is adjusted to a pH value of about 4.5 so that the 

However, according to the present invention,' ^ch pH of the solution is equal to 7.0 to 7.5 after the addition 
operation can easily be carried om. Referring to F^G. 5, of a bicarbonate solution. To this solution, a solution 
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containing 7% of sodium bicarbonate is added as the 
bicarbonate solution from the pump 25 to prepare a 
dialysate solution having a sodium ion concentration of 
135 mEq/1, a bicarbonate ion concentration of 29 
mEq/1 and an osmotic, pressure of 286 mOsm/l. 

In this way, it becomes possible to carry out the dialy- 
sis stably without causing the precipitation of calcium 
bicarbonate, since the sodium bicarbonate solution is 
added to the solution having an appropriately adjusted 
pH just before the feed of the solution into the dialysate 
receptacle. On the other hand, however, corrosion of 
the pipe system of the apparatus by lactic acid may 
occur during prolonged use. This problem can be 
avoided, as is explained below with reference to FIG. 7. 
In the embodiment illustrated in FIG. 7, in addition to 
the concentrate fluid component feed line 22, another 
concentrate fluid component feed line 5S is provided 
and this line 51 includes valves 52 and 53 and a piston 
pump 54. Water is fed from a line 61, and carbon dioxide 
gas is fed from a bomb 62 and is well dissolved in the 20 
water in a mixer 63, Then, the water containing the 
dissolved carbon dioxide gas is heated by a heater 64 
and is subjected to a drop in pressure .by a pressure 
reducing valve 65 to a negative pressure of —600 
mmiig. Thus, in this fluid, some gas is contained, such 
as air liberated from the water and undissol ved carbon 
dioxide gas. This fluid is subjected to pressurization by 
a pump 67 and the gas is removed by a device 68 for 
separating gas from fluid. Then, the fluid is fed to the 
dilute fluid component feed line 21. A concentrate fliiid 30 
component, the amount of which has been measured by 
the pump 25 and which does not contain lactic acid, is 
fed from the line 22, and a sodium bicarbonate solution, 
the amount of which has been measured by the pump 54 
is fed from the line 51. The positions of the lines 22 and 
51 may be interchanged. 

In this way, the precipitation of carbonate is avoided 
because of the acidic pH value caused by the dissolved 
carbon dioxde. It is necessary to provide the heater 64 
upstream of the position at which the sodium bi<^rbon- 40 
ate is added to avoid the precipitation of bicarbonate 
into the heater surface and carbonization of the glucose. 
It is preferable, however, that the heater 64 be located 
upstream of the pump 67 for the efSci^t removal of the 
gas. The amount of carbon dioxide gas may be adjusted 45 
so that the final partial pressure of carbon dioxide gas is 
30to60mmHg. 

As-explained hereinbefore with reference to FIG. 6, 
the osmotic pressure of a dialysate solution may be 
changed asdedredby changing amount of the injection 50 
of the concentrate fluid. The conceiitrated fluid to be 
injected by the pump 25 is not Umited to a saline solu> 
ticm bat a solution of, for example, glucose, sckiium 
bicarbonate or a mixture thereof. The injection of the 
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motor, DC motor or synchronous motor as the motor 
43 and, thus, the pump may be directly connected to the 
motor. In use of an induction motor or DC motor, the 
injection of the concentrated fluid may be stopped 
when the revolutions of the motor reach a prescribed 
number. On the other hand, in the use of a synchronous 
motor, the amount of the injection of the concentrated 
fluid may be controlled by regulating the injection time. 

To feed two or more concentrated fluids, it is not 
always necessary to provide a plurlity of piston pumps 
as illustrated in FIG. 7. For example, as illustrated in 
FIG. 8, solenoid valve 81 and 82 may be provided up- 
stream of the check valve 23, and one concentrated 
fluid M of a prescribed amount may first be fed by 
opening the valve 81 and closing the valve 82 and next 
the other concentrated fluid N of a prescribed amount 
may be fed by opening the valve 82 and closing the 
valve 81- Thus, the two concentrated fluids may be fed 
sequentially by one pump. 

It is not always necessary to stop the pump 25 as 
illustrated in FIG. 5 after completion of feed of the 
concentrate fluid in a prescribed amount. For example, 
as illustrated in FIG. 9, a circuit 91 having a solencnd 
valve 92 may be provided along with another solenoid 
valve 93, While the pump 25 is continuously operated, 
the feed of the concentrated fluid may be carried out by 
opening the valve 93 and closing the valve 92 and. then, 
the feed may be stopped by opening the valve 92 and 
closing the valve 93 to circulate the concentrated fluid 
in the circuit 91. 

The method and apparatus according to the present 
invention may further be advantageously applied to 
other artificial organic system such as an artificial liver 
system. 

What is claimed is: 

1. In a method for preparing a mixed fluid of accu- 
rately portioned components for hemodialysis wherein 
at least two components are introduced into the cham- 
bers of a ifixed volume closed receptacle to fill said 
chambers, and for delivering the resulting fluid, said 
receptacle, having a pair of chambers separated by parti- 
tion means, at least a part of which p^ition means is 
capable of bdng displaced to change the respective 
volum^ of the chambers such that the amount of vol- 
ume increase of one chamber is essentially identical to 
the corresponding volume decreaise of another cham- 
ber, the steps which comprise: 

a. iEiccurately metering ^n amount of one or more of 
the fluid componeriLts by^im independent means and 
introducing the metered fluid component(s) into 
one of said chambers of said receptacle, 
b: intrbducing an unmetered amount of another of 
said fluid components into the same chamber of the 
receptacle to increase the volume of said chamber in an 



concentrated flmd may be effected by using a syringe- 55 amount sufficient completely to fill said chamber, the 
type piston pump 25, after a prescribed amtbunt of the 
concentrate fluid has been measured. Alternatively, the 
prescribed amount of the concentrated fluid may be 
injected gradually in portions by means of a constant 
ddvery pump including a so-called metering pump; of 60 
positive displacement plump siich ais a diaphiagm pmnp 
or bellows pump. 

TTie pump 25 and motor -«3 illu$trated in FIG. 5 are 
npt limited to syringe-type piston pwnps and a pulse 
motor but may include other means which allow the 65 
injection of the concentrated fluid in a cohstant amount. 
For example, there may be employed a ii^ual positive 
displacement pump as the pump 25 and an induction 



unmi^tered amount being large in relation to the amount 
of said accurately metered pomponent(s), 

c. completing step (a) bpbn or before completion of 
the step (b), 

d. closing a feed valve for controlling the feeding or 
fluid components into the increased volume qham- 
ber and then opening a delivery valve for d^ver* 
ing the accuratdy portioned fluid con^oneiifs 
from the increased volume chamber in response to 
the icompletidn of the disjplacement of the partition 
mc^ans, " . . 

e. alternatdy repeating the introduction of the fluid 
c6m]k>nents into each chamber and the subsequent 
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delivery of the accurately portioned fluid compo- 
nents from each said chamber, and 

f. circulating the accurately portioned fluid compo- 
nents in a closed circuit comprising a dialysis cell 
and the chambers to perform hemodialysis. 

2- A method as claimed in claim 1, wherein said parti- 
tion is selected from a diaphragm, piston and bellows. 

3. A method as claimed in claim 1, wherein said me- 
tered component is a concentrated component and said 
other component is a dilute component 

4. A method as claimed in claim 3, wherein said 
method is repeatedly carried out and the amounts of 
said one or more concentrate components are changed 
as desired. 

5. A method as claimed in claim 4, wherein said 
amounts are gradually decreased. 

6. A method as claimed in claim 4, wherein said 
amounts are intermittently changed. 

7. A method as claimed in claim 3, wherein two or 
more concentrate components are introduced into the 20 
receptacle separately through two or more means. 

8. A method as claimed in claim 7, wherein gas is 
incorporated into said dilute component. 

9. A method as claimed in claim 1, wherein a pair of 
said receptacles are provided and said pair of recepta- 25 
cles are operated alternately. 

10. A method as claimed in claim 1, wherein a part of 
the circulating fluid is removed from a location of the 
closed circuit. 

}h "method as claimed in claim 1, wherein gas 30 
existing in the circulating fluid is removed from a loca- 
tion of the closed circuit. 

12. The method defined in claim 1, wherein the me- 
tered component is a single component. 

13. The method defmed in claim 1, wherein the me- 
tered component comprises a plurality of components. 

14. The method defined in claim 1, wherein the intro- 
duction of all of the metered component is completed 
before the chamber is filled by completion of introduc- 
tion of said other component. 

15. The method defined in claim 14, wherein the 
introduction of all of the metered component into said 
receptacle is completed prior to the introduction of said 
other component. 

16. The method defined in claim 14, wherein the 45 
introduction of all of the metered component is intro- 
duced along with said other component. 

17. The method defined in claim 14, wherein said 
metered component is introduced into said receptacle 
chamber as a single portion. 

18. The method defined in claim 14, wherein said 
metered component is introduced into said receptacle 
chamber as a plurality of portions. 

19. The method defined in claiin 1, wherein the parti- 
tion means is a diaphragm. 

20. The method defined in daim 1, wherein the parti- 
tioa means is a piston. 

21. The method defined in claim 1/ wherein the parti- 
tioii means is a bellows. 

22. An apparatus for preparing a oiixed fluid of accu- 
rately portioned fluid components foir hemodialysis 
which comprises: 

a. at least two closed fixed^volume multi-chamber 
receptacles connected for receiving at least two 
fluid components in the same chamber, said recep- 
tades each having at least two chambers separated 
by an intervening partition means, at least a part of 
said partition means being movable to change tte 
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respective volumes of said chambers so that one 
chamber is capable of increasing its volume to 
reach a predetermined known volume and a vol- 
ume increase of one chamber is identical to a corre- 
sponding volume decrease of the other chamber; 
a chamber feed means including at least one inde- 
pendent metering means upstream from said cham- 
bers for metering in a predetermined amount of one 
or more measured fluid components into said 
chambers, said amounts having a volume much less 
than said predetermined known volume; 
a further feed means having no metering means 
connected to said the same chambers for introduc- 
ing and mixing another fluid component into said 
chambers in a volume which is sufficient, together 
with the volume of said one or more metered com- 
ponents, to fill the entire predetermined known 
volume of said chambers, the amount of unmetered 
component(s) being large in relation to the amount 
of said metered component(s); 

d. a feed valve for controlling the feeding of fluid 
components into said chambers, the feed valve 
being closeable in response to the completion of the 
displacement of the partition nieans; 

e. a delivery valve for controlling the delivery of the 
accurately portioned fluid components from the 
chambers, the delivery valve being openable in 
response to both (i) the completion of the displace- 
ment of the partition means and (iO the closin of the 
feed valve; and 

f. a closed circuit comprising a dialysis cell connected 
to said receptacles to form a closed circuit in which 
the accurately portioned fluid components alter* 
nately delivered from the receptacles is circulated 
to perform hemodialysis. 

23. An apparatus as claimed in claim 22, wherein each 
of said two chambers is connected to said feed means 
and to said delivery line. 

24. An apparatus as claimed in claim 22, wherein said 
partition means is selected from a diaphragm, piston and 
bellows. 

25. An apparatus as claimed in claim 22, wherein said 
metering means coihprises a positive displacement 
pump capable of measuring the amount of a component 
and feeding the measured amount of the component. 

26. An apparatus as claimed in claim 25, wherein the 
discharge of said positive displacement pump is 
changed as desired. 

27. An apparatus as cli^mibd^ in claim 26, wherein $aid 
change of the discharge of said positive displacement 
pump is effected by changing the. number of revolu- 

tiODS. 

An apparatus as claimed in claim 25, wherein said 
positive displacement pump has two or more inlet lines 
ail thei respective connections of said positive displace^ 
ment pump to said inlet lines are ^langed by one or 
more valves. - , 

29. An apparatus as claimed in claiin 22, wherein said 
60 one or more of the components ae concentrated compo- 
nents and two or more means are provided for sepa- 
rately introducing two or more concentrated compo- 
nents into the receptacle. 

30. An apparatus as claimed in claim 22, wherein said 
other component is a dilute component and a mecha- 
nism for incorporating gas into said dilute component is 
provided in said means for introducing said dilute com- 
ponent. 
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31. An apparatus as claimed in claim 22, wherein a pir 
of said receptacles is provided and each of said pair of 
receptacles is operated alternately. 

32. An apparatus as claimed in claim 22, further com- 
prising a means for removing a part of the circulating 
fluid from a location of the closed circuit. 

33. An apparatus as claimed in claim 22, further com- 
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prising a means for removing g^s existing in the circu- 
lating fluid from a location of the closed circuit. 

34. The apparatus defined in claim 22, >vherein the 
partition is a diaphragm. 

35. The apparatus defined in claim 22, wherein the 
partition means is a piston. 

36. The apparatus defined in claim 22, wherein the 
partition means is a t>ellows. 
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